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The  purpose  of  this  investigation  was  to  determine  the  detection  ranges 
of  Test  Conditions  A,  B,  C,  and  E of  Method  1014,  MIL-STD-883.  Also  to 
examine  test  variables  and  modifications  of  the  methods  for  possible  expansion 
of  the  detection  ranges,  and  to  improve  the  overall  test  results. 

This  report  discusses  the  various  tests  conducted  and  the  results  of 
these  tests.  In  addition  to  the  standard  test  conditions,  various  exposure 
pressures  and  times  of  both  helium  and  radioisotope  tracer  gases  are 
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exaained.  Surface  absorption,  gettering  materials,  and  controlled  orifice 
heliun  testing  are  each  examined  and  discussed.  Also  the  gross  leak  bubble 
and  weight  gain  test  aethods  are  evaluated  for  sensitivity  and  effectiveness 
using  various  pressures,  pressurization  tines,  and  fluids  for  the  purpose  of 
optinizing  test  conditions  and  defining  reject  criteria. 

Based  on  the  data  analysis  of  this  testing,  recommendations  of  leak  rate 
Halts  and  paraneter  conditions  are  made  which  will  provide  the| highest  degree 
of  reliability  in  the  nost  cost-effective  aanner. 
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EVALUATION 


The  purpose  of  this  effort  was  to  evaluate  hermeticity  testing, 
primarily  the  determination  of  the  sensitivity  ranges  for  the  helium, 
radioisotope,  fluorocarbon  bubble  and  weight  gain  test  techniques 
of  HI L- SID-883-  A main  objective  was  to  establish  a single  test 
that  would  ensure  coverage  of  the  complete  hermeticity  range  required 
for  microelectronics  devices  used  in  Air  Force  equipment.  Tne 
evaluation  showed  that  no  single  test  is  effective  over  the  entire 
fine  and  gross  leak  rate  ranges  for  all  packages.  However,  it  did 
indicate  for  certain  packages,  a weight  gain  test  will  suffice. 

This  study  utilised  packages  and  fabricated  leaks  of  various 
shapes,  volumes  and  materials  categorised  by  leak  range  to  determine 
test  conditions  and  sensitivities.  The  same  test  sample  was  used 
to  evaluate  all  test  procedures.  The  program  results,  detailed  in 
this  report,  are  considered  highly  successful  in  defining  leak  testing 
as  it  is  known  today,  thereby,  providing  a sound  technical  basis  for 
revising  existing  hermetic  seal  testing  procedures.  The  findings  and 
recommendations  of  this  evaluation  are  useful  as  a whole,  but  in  the 
folloY/ing  areas  are  considered  significant: 

a.  Tightened  helium  and  radioisotope  test  reject  limits. 

b.  Verification  of  the  Howl  and  Mann  equation,  using  molecular 
flow,  to  define  gas  behavior  within  specified  limits  of  leak  range 
and  package  volume. 

c.  Radioisotope  and  helium  leak  detection  techniques  are 
comparable  if  proper  test  conditions  and  equipment  operation  are 
utilized. 


d.  V/eight  gain  testing,  the  most  effective  of  the  gross  leak 
test  methods,  is  the  only  hermetic  seal  test  required  for  packages 
whose  internal  volume  is  greater  than  0.4cc. 

In  the  area  of  leak  testing  at  high  temperature,  the  report 
results  are  unfavorable.  However,  in-house  testing  at  RADC/RBRM 
indicates  that  a problem  may  exist  in  certain  type  packages.  Also 
the  data  indicates  that  the  proper  gettering  material  could  enhance 
test  results.  Therefore  evaluations  in  these  two  areas  will  continue. 


RADC,  the  preparing  activity  of  MIL-STD-883,  is  responsible  for 
studying  and  updating  the  microcircuit  quality  and  reliability  assurance 
procedures  to  provide  reliable,  accurate  and  cost  effective  test  methods. 
Results  of  this  effort  will  be  factored  into  Methods  1014,  5004  and  5005 
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SECTION  I 


INTRODUCTION 


This  investigation  was  conducted  under  Rome  Air  Development  Center  Contract  No. 
F30602-73-C-0150  to  determine  the  sensitivity  ranges  of  Conditions  A,  B,  and  C of  Method  1014 
and  proposed  Condition  E to  determine  if  the  ranges  could  be  extended  by  changes  in  test 
parameters  or  preconditioning  of  the  test  devices. 

Seven  microcircuit  package  types  were  screened  to  secure  devices  having  leak  rates  ranging 
from  >10“^  <10~8  atmospheric  cm^  per  second.  The  leak  rates  were  confirmed  by  Test 
Conditions  A and  B and  by  a weight  gain  technique. 

All  the  test  samples  were  subjected  to  a matrix  of  test  times  and  pressures  in  helium  and 
measured  with  mass  spectrometers.  Veeco  Model  MS-12  and  MS-90  UFT  machines  were  used  to 
determine  if  pump-down  rates  had  significant  effects  on  the  resultant  data.  Test  times  ranged  from 
2 to  8 hours  and  pressures  from  30  to  90  psig.  Curves  were  constructed  for  each  package  at  each 
test  condition  utilizing  the  formula  in  Method  1014  of  MIL- STD-883.  This  permitted  the  formula 
to  be  tested  for  validity  and  if  valid,  provided  a base  for  testing  the  effects  of  the  various  conditions. 

All  the  test  samples  were  then  subjected  to  a matrix  of  test  conditions  utilizing  radioisotope 
techniques.  Tests  were  conducted  with  zero,  one,  and  three  wash  cycles  and  with  three  levels  of 
specific  activity:  277,  600,  and  1397  microcuries  per  cm^.  IsoVac  Mark  IV  and  CEC  24-510 
machines  wore  used  for  this  part  of  the  investigation.  Tests  were  conducted  at  three  different 
storage  pressure  levels  to  determine  possible  effects  on  the  results. 

Helium  tests  were  then  conducted  utilizing  a controlled  orifice  to  determine  if  such  a method 
would  extend  Test  Condition  A to  cover  the  gross  leak  range.  Special  fixtures  were  fabricated  to 
permit  each  device  to  be  tested  for  gross  leak,  then  immediately  for  fine  leak. 

Temperature  preconditioning  was  also  evaluated  using  both  helium  and  radioisotope 
conditions.  Two  packages,  one  metal  and  one  ceramic,  were  pressurized  while  maintaining 
temperatures  of  50° C,  75° C,  100°C,  and  125°C.  The  devices  were  read  immediately  upon  removal 
from  pressurization  in  each  case. 

Pre-cncapsulated  polyimide  as  well  as  bombed-in  fluorocarbons  (FC-48  and  PP-9)  and  vacuum 
pump  oil  were  tested  as  possible  gettering  materials.  This  was  to  determine  if  either  the  helium  or 
radioisotope  range  could  be  extended  to  cover  the  entire  gross  leak  range. 
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Case  and  sealing  materials  were  also  evaluated  to  determine  their  gettcring  characteristics  for 
cither  helium  or  krypton-85.  This  portion  of  the  study  was  perfonned  to  learn  whether  or  not 
acceptable  devices  were  being  rejected  in  some  cases  because  of  the  absorption  ability  of  these 
materials. 

Cj  bubble  test  was  conducted  on  all  test  samples  using  FC-40  and  P P-9  to  evaluate  the  fluids, 
repeatability  of  the  test,  and  sensitivity  of  the  test. 

C-}  bubble  test  was  performed  on  all  test  samples  using  FC-7S/FC-40  and  P1M/PP-9  fluid 
combinations.  This  was  to  determine  the  best  fluid  combination,  sensitivity,  and  repeatability  of  the 
condition. 

All  the  test  samples  were  subjected  to  a scries  of  weight  gain  tests.  Tests  were  conducted  on 
each  package  type  using  VC-11,  FC-78,  PP-1,  and  PP-2  as  the  indicator  fluid.  This  was  to  determine 
if  all  the  fluids  were  acceptable  and  if  not,  which  was  the  best.  Fach  package  type  was  subjected  to 
a test  at  30,  60,  and  90  psig  to  determine  possible  effect  upon  the  results.  The  condition  was  also 
evaluated  to  determine  if  the  vacuum  step  is  necessary. 


SECTION  n 


SCREENING  AND  FABRICATING  LEAKERS 


Phase  I of  the  project  was  devoted  to  selection  of  samples  from  production  line  hermetic  seal 
rejects  and  fabrication  of  glass  “standard  leakers.”  The  test  devices  were  first  categorized  into 
leak-range  decades  utilizing  the  radioisotope  technique  of  Condition  S,  Method  1C14  of 
MIL-STB-SS3.  This  technique  provided  device  categories  of  10“^,  10— 10“*\  and 
>i0  atm  cc/s  and  “nonkakeis.”  Condition  B resulted  in  some  gross  leakers  being  detected  as  fine 
leaked  and  therefore  being  grouped  in  the  fine-leak  ranges.  The  “>10“ and  “nonlcakcr" 
categories  were  then  subjected  to  an  FC-75  weight  gain  test  utilizing  the  fluid  fill  rate  data 
published  by  Rav  ihcon  in  “Rav  iheon  Weight  Test  Method  for  Detecting  Grass  Leaks  in  Small 
Internal  Volume  Semiconductor  Packages.”  The  Raytheon  data  has  been  verified  by  Texas 
Instruments  (Figure  1).  This  method  provided  leak-range  classifications  of  10“^,  10“^,  and 
>\0~3  atm  cc/s.  Each  test  device  was  then  assigned  a serial  number  and  grouped  as  shown  in 
Table  I. 

£ 

Glass  “standard  leakers”  were  fabricated  by  drawing  glass  tubing  down  into  orifice  sizes.  The 
“standard  leakers”  were  fabricated  from  thin-wall  and  thick-wall  glass  tubing  of  1/4  inch  O.D.  The 
procedure  for  fabricating  the  thin-wall  tubing  v/as  as  follows: 

The  tubing  was  cut  into  6-inch  lengths  and  heated  with  a torch,  a distance  2 inches  from 
one  end  until  the  tubing  was  soft. 

The  tubing  was  then  pulled  so  as  to  cause  the  tubing  to  “neck  down"  and  separate.  The 
pull  rate  was  controlled  so  as  to  produce  a neck  1/2-  to  3/4-inch  long  with  an  orifice  of 
varying  size.  There  is  no  control  on  the  size  of  orifice  produced  in  thL  manner;  therefore, 
several  units  were  required  to  produce  one  acceptable  unit. 

The  units  were  then  conceded  to  a dry  nitrogen  supply  with  a controlled  piessure  that 
could  be  varied  from  0 to  100  psig.  The  orifice  end  was  submerged  in  isopropanol  and  the 
pressure  inside  the  unit  increased  until  the  pressure  required  to  initiate  bubbling  was 
obtained.  This  pressure  was  recorded  and  used  to  determine  the  leak  rate. 

The  open  ends  of  the  units  were  then  heated  with  a torch  and  scaled  approximately  one 
inch  from  the  neck.  The  open  end  which  extended  beyond  the  seal  was  cut  off  and 
discarded. 


*Pyrex  glass 
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LEAK 


TO-C4 


Ceramic  Dual  In-Lina  (C-DIP) 


TO-IOO 


Leak  Rata 

No. 

Units 

SN 

Leak  Rata 

No. 

Unhs 

SN 

Leak  Rate 

Nc. 

Units 

SN 

Nor, lea  Vers 

10 

4049 

Nor.leskvs 

10 

1-10 

N'onleakers 

11 

1-11 

io“8 

Sr 

1-9 

10-8 

14 

1 1-24 

IO"8 

12 

12-24 

:0“7 

12 

10-21 

10-7 

20 

2544 

IO-7 

20 

2544 

IO"6 

13 

22-39 

IO"6 

12 

45-57 

io-6 

15 

45-59 

10"5 

IS 

50-64 

IO-5 

12 

53-70 

10“5 

15 

60-74 

10-4 

7 

65-71 

IO-4 

14 

71-84 

IO-4 

18 

75-93 

>10-3 

29 

72-99 

>10-3 

19 

85-103 

>10-3 

9 

93-102 

Total 

100 

Total 

103 

Total 

102 

I 

S by  All  Ceramic 

with  Gettesirig  (C-PAK) 

MOS  Dual  In-Line  (MOS  DIP! 

Ceramic  1 Inch  by  1 Inch  | 

No. 

No. 

No. 

Leak  Rate 

Units 

SN 

Leak  Rate 

Units 

SN 

Leak  Rate 

Units 

SN 

Nonleakers 

12 

1-12 

Nonleakers 

10 

1-10 

Non  leakers 

IO"8 

12 

13-24 

io-8 

15 

11-25 

IO"8 

IO-7 

21 

2545 

10“7 

18 

2643 

10~7 

io-6 

15 

4660 

io-6 

7 

44-50 

io-6 

71 

1-71 

io-5 

6 

61-66 

io-5 

23 

51-73 

IO-5 

to-4 

8 

94-101 

io-4 

6 

74-79 

IO-4 

>10-3 

27 

67-93 

i»10-3 

22 

80-101 

>10-3 

Units  did  not  lit 

Total 

i 

101 

Total 

101 

distribu 

tiCi* 

t 

I 


1 

! 

< 


TO-3 


Glass  Standards 


% by  'A  All  Ceramic  (C-PAK) 


Leak  Rate 

No. 

Units 

SN 

Leak  Rate 

No.  Units 
(Small  Vol.) 

No.  Units 
(Large  Vol.) 

SN 

Leak  Rate 

No. 

Units 

SN 

Non  Leakers 

15 

2649 

Nonlcakcrs 

10 

98-107 

CO 

1 

o 

15 

1-15 

IO-7 

4 

14 

IO"8 

8 

90-97 

io-7 

20 

50-69 

CO 

1 

o 

5 

8 

5-17 

IO-7 

19 

71-89 

io-6 

15 

70-84 

IO-5 

4 

9 

18-30 

io-6 

1G 

55-75 

io-5 

11 

85-95 

io-4 

4 

6 

3140 

io-5 

6 

53-54;  110-113 

10-4 

19 

96-115 

>10"3 

11 

40-51 

10“4 

20 

33  52 

7-10-3 

6 

20-25 

>10“3 

32 

1-32 

Total 

101 

Total 

17 

34 

Total 

113 

i 

r 


.1 
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The  thick  wall  units  were  produced  as  follows: 

The  tubing  was  cut  into  6-inch  lengths  and  the  heat  applied  with  a torch  to  the  end  of  the 
tubing.  The  units  were  slowly  rotated  while  being  heated,  causing  the  tubing  to  shrink 
until  the  inside  diameter  was  of  the  desired  size. 

The  units  were  then  checked  for  bubbling  in  the  same  manner  as  the  thin-wall  units.  If 
the  unit  did  not  produce  the  desired  value,  it  was  reheated  and  checked  again. 

After  obtaining  the  desired  value,  the  units  were  sealed  by  heating  the  tubing  and  twisting 
so  as  to  seal  the  unit  1 inch  from  the  orifice  end.  The  open  end  which  extended  beyond 
the  seal  was  cut  off. 

The  thin-wall  leakers  produced  by  this  method  were  classed  as  large-volume  units  and  the 
thick-wall  units  were  classed  as  small-volume  units. 

The  leak  sizes  were  then  verified  by  helium  mass  spcctromete:  techniques.  Alter  sealing,  the 
fine  leakers  were  further  verified  by  Test  Condition  A,  Mali  ' ’014,  MIL-STD-883  and  the  gross 
leakers  by  the  weight  gain  techniques.  The  categories  fabrica.  are  included  in  Table  I. 

Effort  was  also  devoted  to  the  evaluation  of  laser  drilling  as  a means  of  creating 
microelectronic  package  leakers  of  specific  leak  rates.  The  laser  is  controlled  by  a Texas  Instruments 
960A  computer  which  controls  the  beam  diameter  as  well  as  the  number  of  pulses.  The  application 
of  this  laser  does  not  require  as  close  a tolerance  on  the  beam  diameter  as  wouid  be  required  to  drill 
deep  holes  with  very  small  diameters.  Two  types  of  material  and  package  types  were  used  during 
this  investigation:  the  TO-100  which  is  metal,  and  the  1 X 1 ceramic. 

The  laser  would  penetrate  the  TO- 100  packages;  however,  the  beam  could  not  be  focused  to 
produce  a hole  smaller  than  0.015  inch  in  diameter.  It  was  felt  that  since  the  energy  of  the  LASER 
beam  was  not  uniform  over  the  entire  beam  spot,  that  if  the  conect  number  of  pulses  were  applied, 
the  “hot  spots’’  would  bum  through,  producing  a much  smaller  hole.  Due  to  the  tolerance  of  the 
material  thickness  and  the  lack  of  precise  control  of  the  laser  beam,  this  could  not  be  achieved.  The 
large  1 inch  by  1 inch  ceramic  packages  obtained  from  the  production  lines  were  nonleakers.  An 
attempt  was  made  to  create  leakers  by  using  the  lasei  drill.  The  ceramic  was  so  thick  that  after 
drilling  half  way  through  the  material,  the  beam  was  adjusted  so  as  to  penetrate  the  material.  This 
produced  a hole  0.015  inch  in  diameter  which  was  considered  too  large  for  use  in  this  study.  It  can 
be  concluded  that  for  laser  drilling  to  be  effective  in  producing  standard  leakers,  that  the  laser 
should  be  designed  to  drill  deep  holes  and  maintain  control  on  the  diameter  of  the  beam  to  within 
0.5  micrometers.  Since  the  fabrication  of  leakers  from  glass  tubing  had  proved  to  be  a successful 
and  controllable  process,  further  attempts  at  laser  drilling  were  not  made. 
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The  internal  volume  of  the  devices  was  calculated  by  opening  each  package  and  measuring  the 
internal  dimensions.  The  measih  .ments  were  made  using  a microscope  with  a scale  scribed  on  the 
lens.  The  calculations  were  ver X A by  drilling  a small  hole  in  the  package  and  filling  the  unit  with 
FC-78.  The  volume  of  FC-78  was  determined  by  measuring  the  weight  gained  by  the  device.  This 
information  is  included  in  Table  II. 


Table  II.  Calculated  Internal  Volume  of  Typical  Devices 


Package 

Volume 

TO -84 

0.0060  cc 

1/4  by  1/4  All  Ceramic  tC-PAK) 

0.0120  cc 

Ceramic  Dual  In-Line  (C-DIP) 

0.0145  cc 

*MOS  Dual  In-Line 

0.0412  cc 

TO-100 

0.0858  cc 

Ceramic  1 Inch  by  1 Inch 

0.4475  cc 

TO-3 

1.07 12  cc 

•Large  Volume  Glass  Standard 

1.3100  cc 

•Small  Volume  Glass  Standard 

0.0320  cc 

‘See  Figure  2 


Figure  2.  Examples  of  MOS  Dual  In-Line  Device,  Large  Volume  Glass  Standard  Sample, 
and  Small  Volume  Glass  Standard  Sample 
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Prior  to  initiation  of  evaluation  of  the  test  methods,  each  device’s  leak  rate  was  measured  by 
radioisotope  and  helium  techniques.  The  leak  rate  in  terms  of  Qs  for  the  radioisotope,  technique  and 
R for  the  helium  technique  was  recorded.  The  R value  was  converted  to  L value  using  the  graphs 
(Figures  3 through  47)  and  the  gross  leak  data.  The  gross  leak  data  was  used  to  indicate  that  the 
device  was  on  the  portion  of  the  curve  that  indicated  a leak  rate  greater  than  the  spectrometer  was 
able  to  detect  due  to  gas  escape  rate.  Pressurization  values  and  bomb  times  were  determined  by  the 
equations  below.  The  reject  criteria  for  comparison  purposes  were  based  upon  calculated  leak  rates 
(L,  Q)  of  5 X 10“  7 to  provide  a common  data  baseline. 

Helium  equation: 


LPr 


R,  = 


I - e" 


U,  /ma\|/2‘ 


Wo  V 


M 


Lto 

vpT 


'ma\  W 


M 


(1) 


where 


R j = the  measured  leak  rate  of  tracer  gas  (He)  through  the  leak  in  atm  cc/s 
L = the  equivalent  standard  leak  rate  in  atm  cc/s 
Pp  = the  pressure  of  exposure  in  atmospheres  absolute 
PQ  - the  atmospheric  pressure  in  atmospheres  absolute  (1) 

= the  molecular  weight  of  air  in  grams  (28.7) 

M = the  molecular  weight  of  the  tracer  gas  (He)  in  grams  (4) 
t|  = the  time  of  exposure  to  Pp,  in  seconds 

t9  = the  dwell  time  between  release  of  pressure  and  leak  detection,  in  seconds 
V = the  internal  volume  of  the  device  package  cavity  in  cubic  centii  >eters 


Radioisotope  equation: 


Qs  = 


R 

>KTPt 


(2) 
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The  parameters  of  Equation  (2)  are  defined  as  follows: 


Qs  = The  maximum  leak  rate  allowable,  in  atm  cc/s,  for  the  devices  to  be  tested. 

R = Counts  per  minute  above  the  ambient  background  after  activation  if  the  device 
leak  rate  were  exactly  equal  to  Q$. 

s = The  specific  activity,  in  microcuries  per  atmosphere  cm^,  of  the  Krypton-85  tracer 
gas  in  the  activation  system. 

k = The  overall  counting  efficiency  of  the  scintillation  crystal  in  counts  per  minute  per 
microcurie  of  Krypton-85  in  the  internal  void  of  the  specific  component  being 
evaluated. 

This  factor  depends  upon  component  configuration  and  dimensions  of  the 
scintillation  crystal. 

T = Soak  time,  in  hours,  that  the  devices  are  to  be  activated. 

P = Pe^-Pj2,  where  Pe  is  the  activation  pressure  in  atmospheres  absolute  and  Pj  is  the 
original  internal  pressure  of  the  devices  in  atmospheres  absolute.  The  activation 
pressure  (Pe)  may  be  established  by  specification  or  if  a convenient  soak  time  (T) 
has  been  established,  the  activation  pressure  (P£)  can  be  adjusted  to  satisfy 
Equation  (2). 

t = Conversion  of  hours  to  seconds  and  is  equal  to  3600  seconds  per  hour. 


Applying  the  parameters  defined  by  solution  of  Equation  (2),  the  actual  leak  rate  of  the  device  can 
be  calculated  as  follows: 


(Actuai  Readout  in  Net  Counts  Per  Minute)  X Qs 


where  Q = actual  leak  rate  of  the  device,  Qs  and  R are  as  defined  above. 


(3) 
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. TO-84  Time/Pressure  Sequence-Bomb  Pressure  = 90  psig 


. C-PAK  Time/Fressure  Sequence-Bomb  Pressure  = 30  psig 
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Figure  9.  C-PAK 
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Figure  10.  C-PAK  Tlme/Pressure  Sequenee*l)omb  Pressure  H 60  pslg 
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Figure  16.  C-DIP  Time/Pressure  Sequence-Bomb  Pressure  = 75  psig 
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Figure  18.  MOS  DIP  Tims/Pressure  Sequence-Bomb  Pressure  = 30  psig 
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Figure  20.  MOS  DIP  Time/Pressure  Sequence-Bomb  Pressure  = 60  psig 


Figure  21.  MOS  DIP  Time/Pressure  Sequence-Bomb  Fressure  = 75  psig 
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Figure  26.  TO-lOO  Time/Pressure  Sequence-Bomb  Pressure  = 75  psig 


Figure  27.  TO-lOO  Time/Pressure  Sequence-Bomb  Pressure  = 90  psig 
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Figure  29.  1X1  Ceramic  Time/Pressure 


Time/Pressure  Sequence-Bomb  Pressure 


Time/Prcssurc  Sequence-Bomb  Pressure  ■ 90  psig 
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Figure  45.  Small  Glass  Time/Pressure  Sequence-Bomb  Pressure  = 60  psig 


* 

6 


i n 
6 


o 


6 


co 

6 


-i 


x 


53 


Figure  46.  Small  Glass  Time/Pressure  Sequence-Bomb  Pressure  = 75  psig 


SECTION  III 


EVALUATION  OF  HELIUM  METHOD 


Phase  II  of  the  project  was  devoted  to  the  evaluation  of  Test  Condition  A,  Method  1014  of 
MIL-STD-883,  the  equipment  used  for  this  method,  and  the  effect  of  tesl  parameter  variables  on 
the  sensitivity  of  the  method. 

This  phase  consisted  of  subjecting  each  test  device  and  each  glass  standard  to  each  of  the 
pressurization  conditions  shown  in  Table  III.  The  following  format  was  used  as  a guideline  for  this 
phase: 


Table  III.  Helium  Time  Pressure  Matrix 


Pressure  (psig) 


60 


Graphs  were  plotted  using  Equation  (1)  for  all  units  for  each  time  and  pressure  sequences 
(Figures  3-47).  The  units  were  subjected  to  each  of  the  test  conditions  and  leak  values  recorded. 
Using  the  graphs  for  each  type  of  unit,  the  calculated  leak  rate  values  weie  determined  and 
tabulated.  The  units  were  subjected  to  a minimum  of  16  hours  vacuum  bake  between  each  test 
condition  to  ensure  no  residual  gas.  The  evaluation  was  performed  using  MS- 12  and  MS-90  UFT 
Veeco  mass  spectrometers.  The  calibration  of  the  spectrometers  was  checked  each  hour  to  ensure 
no  drift  in  calibration. 


It  appears  from  a rearrangement  of  Equation  (1),  that  the  graph  could  be  plotied  for  30  psia 
and  the  calculated  leak  rate  determined  for  any  pressure  by  dividing  the  indicated  value  by  the 
bomb  pressure  in  atmospheres  to  reduce  the  indicated  reading  to  1 atmosphere.  This  is  shown  by 
the  following: 


When  Pj;  increases  to  2,  3— N the  value  of  R increases  by  a factor  of  2,  3~N.  Therefore,  by  using  a 
graph  plotted  at  one  atmosphere  and  bombing  at  four  atmospheres,  for  example,  the  R value  would 
be  four  times  larger  than  the  value  on  the  graph.  The  true  L value  could  be  determined  by  dividing 
the  R value  by  four  to  reduce  it  to  the  one  atmosphere  graph  value.  It  was  verified  from  the  test 
results  that  the  above  statement  is  true.  However,  to  eliminate  any  possibility  of  error,  graphs  were 
plotted  for  ah  test  pressures.  The  values  on  the  down  side  of  the  curve,  lO-^,  io~5,  and  1 0 
were  determined  by  using  the  initial  weight  gain  data,  which  indicated  the  leak  range.  If  the 
evaluation  had  been  performed  as  a production  test,  a horizontal  line  would  have  been  drawn  on  the 
curve  ta  screen  for  the  smallest  value  specified  and  all  readings  above  the  line  would  have  been 
rejected  (figures  48-51).  The  graphs  were  plotted  assuming  that  all  units  would  be  read-out  one 
hour  after  removal  from  the  bomb.  The  units  were,  in  fact,  read  within  one  hour,  which  resulted  in 
the  gross  leakers  reading  different  values  for  different  conditions  due  to  the  readout  time 
(Figure  52). 

The  test  results  on  the  packages  with  internal  volumes  <0.086  cc  verified  that  the  equation 
defines  the  gas  behavior  from  1 X 10~^  L to  approximately  5 X 10-^  L as  shown  in  Figure  53.  The 
results  also  show  that  the  devices  with  L values  greater  than  the  value  under  the  curve  read  less  than 
1X10  in  a very  short  time  span.  It  can  be  concluded  that  the  equation  is  true  for  devices  with 
internal  volumes  <0.086  cc.  The  data  verified  that  the  equation  defines  the  gas  behavior  from 
1X10  ° L to  approximately  5X10  ^ L for  devices  with  internal  volumes  >0.45  cc.  The  data 
shows  that  for  the  large  volume  packages  (>0.45  cc),  the  escape  rate  which  is  defined  by  the 
expression 


(A) 


is  not  valid  beyond  approximately  5 X lO'-5  L.  Based  upon  the  results  of  the  1 X 1 ceramic  and  the 
TO-3.  the  magnitude  of  the  escape  rate  is  greater  than  that  defined  by  the  equation.  The  data  show 
that  for  the  large  package,  as  with  the  smaller  package,  the  devices  with  leak  rates  gieater  than  the 
values  under  the  curve  read  R values  significantly  less  than  the  reject  limit  in  a very  short  time  span. 
The  escape  rate  of  devices  with  leak  rates  in  the  lO-^  range  was  verified  by  monitoring  the  decay 
rate  over  a 2-hour  period  on  the  glass  standard  leaks  (Figure  54).  It  can  be  concluded  that  the 
equation  is  true  for  all  evaluated  packages  over  the  range  of  1 X 10“^  L to  5 X 10“^  L.  The 
equati  .i  was  found  to  be  invalid  for  L values  greater  than  5 X lO--’  L.  It  should  be  noted  that  the 
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Figure  49.  Effects  of  Pressure  Increase  for  0. 1 0 cc  Volume 
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Figure  SO.  Effects  of  Pressure  Increase  for  1 .00  cc  Volume 
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Figure  53.  R Values  versus  Calculated  L Values 

test  condition  will  detect  leakers  greater  than  5 X 10“^  L,  however,  the  escape  rate  is  high  under 
normal  production  test  procedures  and  will  be  discussed  under  test  results. 

When  testing  some  of  tile  units,  the  mass  spectrometer  amplifier  was  reduced  by  a factor  of  10 
to  enable  readings  to  be  made  in  the  10-^  range.  The  machine  was  calibrated  using  a diffusion-type 
calibrator  with  a helium  output  rate  of  5.2  X 10-^.  All  scales  from  10“^  to  10-6  could  be 
checked  for  one  point  linearly;  however,  the  10~*  and  lO-^  could  be  questionable  but  the  reject 
criteria  in  all  cases  required  the  unit  to  have  an  indicated  value  of  10“^  or  greater.  All  units  were 
tested  a total  of  four  times  using  the  same  pressure  and  exposure  time  to  verify  the  repeatability  of 
the  method. 

Several  significant  points  resulted  from  this  evaluation. 

1)  The  sensitivity  of  this  technique  proved  to  be  more  dependent  on  pressurization 
time,  time  out  of  bomb,  and  package  volume,  than  on  the  pressure  used  for  exposure 
to  the  tracer  gas  (Figure  55).  Examination  of  Equation  (1)  shows  that  as  tj  in  the 
expression 
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comparisons  of  (a)  Volume  Changes,  (b)  Pressure  Changes,  (c)  Bomb  Time  Changes, 
(d)  Readout  Time  Changes  of  the  Helium  Leak  Rate  Formula 


(B) 


approaches  «°  the  value  of  e x approaches  0,  resulting  in  this  term  approaching  I 
and  thus  producing  a larger  R reading.  From  the  expression 


(A) 


When  t->  is  0 this  expression  becomes  equal  to  1.  As  t^  approaches  °»  the  value  ol 
e-x  approaches  0,  resulting  in  the  value  of  R appioaching  0.  Examining 
expressions  (B)  and  (A)  with  respect  to  V as  V gets  larger,  and  if  i|  and  t2  are 
constant,  then  the  value  of  L must  get  larger  to  make  expression  (B)  equal  to 
expression  (A),  as  this  is  the  point  where  the  curve  starts  down.  As  L gets  larger  the 
expression 


(C) 


gets  larger,  resulting  in  a larger  R reading.  The  exposure  pressure  appears  in 
expression  (C)  only,  and  since  the  teim  is  in  atmospheres  the  effect  on  R is  not  as 
great  as  the  terms  in  the  exponential  function.  Therefore,  the  sensitivity  of  the 
method  is  affected  very  little  by  increasing  the  pressure  above  60  psig. 

2)  Table  IV  depicts  the  data  resulting  from  tiie  matrix  (Table  III)  in  terms  of  the 
number  of  leakers,  assuming  reject  values  of  R>  5 X 10  0 and  L>  5 X 10  for 
volumes  <0.1  cc,  and  R>  5 X 10  7 and  L>  5 X 10~6  for  volumes  > 0.1  cc, 
detected  at  each  pressure.  The  table  shows  that  in  most  cases,  if  an  R value  is  used  as 
a reject  criteria,  the  number  of  rejects  increases  as  the  bomb  time  increases  at  each 
pressure.  As  R increases,  the  actual  leak  rate  L decreases.  As  an  example,  the  L value 
for  the  TO- 100  is  equal  to  3 X 10-7  when  bombed  at  30  psig  for  1 hour,  with  R 
equal  to  5 X 10-8  but  the  L value  is  equal  to  8 X 10~8  when  bombed  at  90  psig  for 
four  hours  using  the  same  5 X 10— 8 R value  (Figures  23  and  27).  If  the  units  are  to 
be  submitted  to  a helium  test  and  rejected  when  R is  equal  to  or  greater  than 
5X10-8,  the  bomb  pressure  and  dwell  time  must  be  specified  and  observed; 
otherwise  the  actual  leak  rate  L will  vary  greatly  [Figure  55(b)  and(d)). 
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Bomb  Conditions 


Press 

psig 

Time 

Hours 

30 

1 

30 

4 

30 

8 

45 

1 

45 

3 

45 

6 

60 

1 

60 

60 

75 

75 

75 

90 

90 

90 

R 

"l8 

’5 

19 

16 

18 

16 

16 

17 

24 

17 

17 

18 
18 

19 

20 


TO-84 


Package 


C-PAK 

C-DIP 

L 

R 

L 

R 

L 

R 

16 

75 

61 

39 

33 

23 

13 

69 

64 

50 

36 

27 

15 

75 

52 

58 

38 

25 

12 

67 

63 

48 

40 

19 

12 

71 

60 

54 

36 

27 

13 

59 

44 

57 

38 

23 

14 

62 

51 

54 

40 

21 

14 

71 

57 

56 

40 

27 

21 

78 

52 

56 

35 

52 

15 

68 

54 

53 

33 

25 

12 

60 

36 

48 

31 

28 

14 

70 

46 

52 

31 

25 

13 

68 

62 

49 

35 

49 

15 

66 

40 

53 

35 

41 

16 

67 

54 

53 

36 

46 

MOS 


TO-100 

L 

R 

L 

20 

68 

64 

24 

69 

62 

20 

67 

61 

19 

67 

62 

20 

68 

63 

19 

71 

61 

19 

67 

60 

20 

67 

56 

39 

79 

69 

19 

54 

46 

22 

55 

40 

19 

61 

50 

30 

52 

44 

26 

53 

45 

31 

55 

44 
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3)  Table  IV  shows  that  if  an  L value  was  used  as  the  reject  criteria,  the  number  of 
rejects  was  essentially  the  same  for  all  bomb  pressures  and  times  up  to  60  psi.  One 
advantage  of  specifying  the  L value  as  the  reject  criteria  is  that  if  the  bomb  pressure 
or  dwell  time  is  inadvertently  different  than  what  is  specified,  all  units  will  still  be 
tested  at  the  proper  value  since  L is  a calculated  value.  Also,  all  units  will  be  tested 
to  the  same  actual  leak  rate.  In  this  case  the  R value  will  vary  but  will  not  affect  the 
results  of  the  test. 

4)  The  repeatability  of  the  procedure  is  very  dependent  on  the  leak  rates  and  time  to 
read  of  the  devices  being  tested.  Repeatability  as  discussed  here  is  the  machine’s 
ability  to  read  within  the  same  decade  on  four  data  runs,  not  necessarily  the  ability 
to  detect  the  same  rejects  four  times.  In  the  so-called  fine-leak  range,  repeatable 
readings  occurred  on  from  70  to  87  percent  of  the  devices  on  each  of  four  test  runs 
at  the  same  conditions.  Lack  of  repeatability  was  caused  primarily  by  devices  with 
leak  rates  in  the  10“^  range  and  higher  rates  on  small  volume  ceramic  packages  than 
on  metal  can  packages.  Table  V shows  the  percentage  of  fine  leakers  of  each  case 
type  which  exhibited  repeatable  readings  throughout  the  four  test  runs  and  also  the 
percentage  of  the  total  sample,  fine  and  gross  leakers,  which  had  repeatable  readings. 


Table  V.  Test  Condition  A Repeatability 


Package 

Percent 

Fine-Leak  Range  Only 

Percent  Including 
Gross  Leakers 

T0-84 

83 

94 

C-PAK 

70 

26 

C-DIP 

71 

64 

MOS 

87 

89 

TO-IOO 

77 

93 

1X1  Ceramic 

80 

56 

TO-3 

86 

85 

The  object  of  the  MS-90  UFT  evaluation  was  to  determine  the  capability  of  this  mass 
spectrometer  in  detecting  gross  leakers  and  number  of  units  that  can  be  tested  per  hour.  This 
machine  is  designed  to  have  a very  rapid  pump-down  lime,  thus  testing  the  devices  before  the 
helium  has  a chance  to  escape.  This  rapid  pump-down  time  frame  occurs  in  the  first  1-1/2  seconds 
after  the  unit  has  been  placed  in  the  test  chamber  and  pumping  has  begun.  During  the  next  one 
second,  a Pirani  gauge  is  exposed  to  the  pressure  in  the  test  chamber  and  if  the  pressure  is  low 
enough,  the  test  valve  is  allowed  to  open.  If  the  pressure  is  too  high,  the  “gross  leak”  lamp  will  light 
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and  the  test  portion  of  the  cycle  will  be  bypassed.  In  order  for  this  machine  to  be  consistent  in 
detecting  gross  leakers,  the  magnitude  of  expression 


(A) 


must  be  small  enough  to  make  the  value  of  R larger  than  the  reject  point. 

Test  conditions  were  chosen  to  relate  to  a specific  condition  utilized  in  the  MS- 12  AB  variable 
data  runs  (Table  VI).  The  devices  were  subjected  to  a minimum  of  16  hours  vacuum  bake  and  tested 
for  residual  helium  prior  to  this  test  sequence. 


Table  VI.  MS-90  UFT  - Device  Preconditioning 


Package 

Bomb  Pressure  (psig) 

Time  (ti  — hours) 

TO-84 

30 

1 

C-PAK 

30 

1 

C-DIP 

30 

1 

MOS 

60 

2 

TO-IOO 

60 

2 

1 X 1 Ceramic 

60 

1 

TO-3 

60 

2 

Glass  Standards 

45 

1 

The  MS-90  UFT  was  calibrated  as  follows  prior  to  the  start  of  this  sequence: 

1 ) Checked  and  set  the  filament  current. 

2)  “Peaked  out”  the  machine  to  read  the  leakage  of  helium,  which  was  marked  on  the 
side  of  the  calibrator. 

3) '  Verified  the  zero  and  calibrator  reading  to  ensure  no  residual  helium  in  the  system. 

A sensitivity  check  was  made  at  the  beginning  and  at  the  conclusion  of  the  test  sequence  on  each 
package  type.  The  leak  indicator  gauge  was  adjusted  to  indicate  the  leak  rate  limit  and  the  devices 
were  categorized  as  good  or  reject. 

An  attempt  was  made  to  read  variable  data  with  the  mass  spectrometer  operating  in  the 
automatic  mode.  Unless  tne  approximate  leak  rate  is  known,  it  is  impossible  to  obtain  reliable 
variable  readings  because  the  1-second  sample  time  inherent  in  the  equipment  is  inadequate  to  seek 
out  the  proper  indicator  range.  Therefore  only  fail/pass  data  was  recorded.  The  data  results  indicate 
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no  significant  differences  in  the  number  of  gross  rejects  detected  by  this  machine.  A few  were 
detected  due  to  the  faster  read  time  and  therefore  gas  still  being  in  the  units.  This  is  a function  of 
read  time  and  therefore  a percentage  cannot  be  placed  on  the  number.  The  number  of  rejecfs 
detected  at  each  condition  is  shown  in  Table  VII. 


Table  VII.  MS-90  UFT  Helium  Evaluation  - Number  of  Rejects 
R > 5 X 10“ 8 and  5 X 10-7 


Package 

Pressure/Time  (t-| ) 

30/1 

45/1 

60/1 

60/2 

TO-84 

18 

CPAK 

56 

C-OIP 

38 

MOS 

23 

TO-IOO 

69 

1X1  Ceramic 

40 

TO-3 

61 

Glass  Standards 

47 

The  time  required  to  classify  as  good  or  reject  on  an  MS-90  UFT  was  approximately  three 
times  as  fast  as  the  MS-1 2 AB  system.  The  test  sequence  time  on  this  particular  machine  varied  from 
8 to  9 seconds  depending  upon  the  volume  of  the  empty  fixture  used.  The  spectrometer  is  more 
efficient  when  the  internal  cavity  of  the  fixture  and  the  overall  volume  of  the  package  is 
approximately  the  same.  There  was  no  evidence  of  rapid  pump-down  being  significantly  more 
effective  in  detecting  gross  leakers.  The  residual  helium  was  a problem  when  testing  devices  which 
had  large  leaks. 

The  results  of  this  study  indicate  that  the  mass  spectrometer,  when  set  up  as  described  above, 
can  be  used  to  detect  microcircuit  seal  leaks  with  a high  degree  of  accuracy  in  the  leak  range  defined 
by  the  equation  for  each  package  type.  The  leak  range  limits  of  each  package  are  discussed  under 
test  results. 
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SECTION  IV 


r 


K » 


j 


1 


EVALUATION  OF  RADIOISOTOPE 


Phase  III  of  the  project  was  devoted  to  evaluation  of  radioactive  tracer  gas  methods  described 
in  Condition  B,  Method  1014  of  MIL-STD-883. 

Equation  (2)  in  Section  III  was  solved  for  each  package  type  for  Qs  = 1 X 10-^.  The  equation 
indicates  that  the  gas  does  not  escape  from  the  units,  this  did  not  prove  to  be  true.  All  the  gross 
leakers  detected  by  weight  gain  were  not  detected.  The  equation  appears  to  be  valid  for  the  fine 
leakers  as  both  Test  Conditions  A and  B produced  the  same  results  for  the  fine  leakers.  In  order  for 
the  equation  to  be  completely  valid,  there  should  be  a function  to  describe  the  escape  rate  of  the 
gas.  The  equation  was  solved  using  different  (600  and  1200)  internal  count  reject  parameters,  and 
three  (277,  600,  and  1397)  specific  activity  values.  The  results  are  discussed  below. 

The  units  were  subjected  to  a varying  number  of  wash  cycles  (Table  VIII)  to  detennine  the 
effect  on  each  package  type  (Table  IX).  The  units  were  vacuum  baked  fora  minimum  of  16  hours 
between  each  test  sequence  to  ensure  no  residual  gas.  The  testing  was  performed  on  two  different 
systems,  a CEC  24-510  and  an  Iso  Vac  Mark  IV  to  verify  correlation  between  systems.  The  test 
results  indicate  that  the  number  of  wash  cycles,  up  to  three,  made  no  significant  difference  in  the 
readings.  The  repeatability  testing  was  performed  a total  of  four  times  on  each  unit,  using  one  wash 
cycle. 

Two  of  the  repeatability  runs  were  made  with  a specific  activity  of  600  and  two  with  a specific 
activity  of  1397.  The  specific  activity,  when  testing  with  the  Mark  IV,  was  277.  The  data  showed 
that  there  was  no  significant  difference  in  the  results  as  long  as  the  other  parameters  are  chosen  to 
satisfy  the  equation.  The  units  were  tested  using  an  internal  count  of  1200  and  600  counts  per 
minute  as  the  R parameter  of  the  equation.  Varying  the  specific  activity  and  the  R parameters 
allowed  a varying  bomb  time  with  no  significant  difference  in  the  results.  The  tracer  gas  was  stored 


Table  VIII.  Krypton-85  Matrix 


Wash 

Cycles 

Microcuries  per  cm^ 

277 

600 

1397 

0 

X 

X 

1 

X 

X 

X 

3 

X 

X 

71 


PAGE  BLANK- NOT  FIIMED 


Table  IX.  Radioisotope  Test  Results  — 
Number  of  Units  Detected  as  Rejects 


Devices 

CEC 

24-510 

IsoVac 
MARK  IV 

OW 

1W 

3W 

OW 

1W 

3W 

TO -84 

19 

20 

22 

22 

23 

23 

C-PAK 

56 

51 

52 

49 

50 

47 

C-DIP 

29 

32 

29 

22 

37 

33 

MOS 

22 

21 

20 

17 

31 

19 

TO-100 

42 

44 

48 

44 

47 

42 

1 X 1 Ceramic 

1 

5 

4 

6 

6 

3 

TO-3 

29 

26 

31 

36 

52 

51 

Glass  Standard 

12 

17 

16 

13 

15 

15 

ACTIVATION  PRESSURE  AND  TIME  FOR  Q$  = 1 X 10-8 
VOLUME  OF  0.1  cc  «ND  LESS  REJECT  Q = 5 X 10“7 

VOLUME  GREATER  THAN  0.1  cc  REJECT  Q = 5 X 10  "6 


at  0.3,  0.4.  and  0.5  torr  with  no  effect  on  the  results.  The  data  is  shown  in  Table  VIII  and  will  be 
discussed  for  each  package  type  under  test  results. 


The  following  describes  the  procedure  used  for  Phase  III.  The  equation 


R 

SKTPt 


(2) 


was  solved  for  each  package  type  assuming  Qs  equal  to  1 X 10-^  and  R equal  to  1200  and  600 
counts  per  minute.  The  time  T was  selected  in  tenths  of  an  hour  as  this  is  controlled  by  the  design 
of  the  equipment.  P was  calculated  so  that  the  pressure  applied  to  the  units  would  not  exceed 
100  psia.  The  specific  activity  S of  the  gas  was  determined  by  comparing  a sealed  sample  gas  source 
supplied  by  the  Atomic  Energy  Commission  with  an  activity  of  24.5  panics, 'cc  end  corrected  for  its 
decay  rate  by  using  the  following  formula. 


A = A0e 


0.693  t 

j 1/2 


(5) 


where 


A = activity  now 

A0  = the  original  activity  on  the  given  date 
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c = the  natural  log  of  2 

t - the  elapsed  time  between  the  original  measurement  and  now 
~ the  half-life  of  the  isotope 


This  value  was  calculated  to  be  10.54  pcuries/cc  and  read  22,000  c is, 'min.  A sample  of  gas  was  then 
taken  from  the  system.  This  sample  volume  was  0.05  cc  and  measured  with  a pipette  mercury 
assembly.  The  specific  activity  was  then  calculated  by  the  equation 

R;  cts/min  System  Sample 
V^Patm 

S peuries/atm  cc  = (6) 

R-j  cts/min  Std 

A fi  curies 


Tliis  equation  will  give  a ratio  of  the  cts/min  to  ficuries/cc  of  the  system  sample  compared  to  the 
standard  as  shown. 

R.  cts/min  R-j  cts/min 

— = — (7) 

S pcuries/cc  A pcuries/cc 

Knowing  R-),  A and  measuring  Rj,  S can  be  calculated  for  a true  value  although  the  counting 
efficiency  of  the  system  is  much  less  than  one.  The  specific  activity  of  the  system  was  calculated  as 
' JOjxcuries/cc  with  a 6.2  X 10^  cts/min  for  a 0.05  cc  volume.  Calculating  the  cts/min  for  this 

volume  with  a concentration  o?  600pcuries/cc,  the  reading  should  be  6.5  X 107  cts/min.  This 

■*% 

reusing  is  off  by  a factor  of  1.06  X 10J  due  to  the  counting  efficiency  of  the  system.  This  is 
compensated  for  by  determining  a K factor  for  each  package  type  as  the  material  and  geometrical 
configuration  will  affect  the  counting  efficiency.  The  K factor  was  determined  by  drilling  a small 
hole  in  six  devices  of  each  package  type  and  attaching  a small  copper  tube  so  that  a known  amount 
of  gas  could  be  placed  inside  the  device.  The  device  was  connected  to  the  pipette  mercury  assembly 
and  0.02  cc  of  gas  placed  inside  the  device.  The  copper  tube  was  then  pinched  closed  at  the  device 
and  ti:e  cts/min  read.  Six  devices  of  each  package  type  were  read  and  an  average  reading  calculated. 
The  K factor  for  the  device  was  then  calculated  by  the  equation 


K cts/min  //curies  = 


R cts/min 

S //curies/atm  cc  P atm  Vcc 


(S) 
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This  can  be  reduced  to  the  loBowiitg 


K ctsfejti  jacuiks = 


K cls/rmn 
cp  curies 


(9) 


where  C wearies  Is  eqi'il  to  the  activity  of  the  gas  inside  the  unit.  This  is  a product  of  the  volume  of 
gas  times  the  specific  activity  cf  the  pi  Now  if  the  ctsfmin  for  a given  volume  of  gas  contained 
inside  a given  package  type  was  calculated,  it  would  produce 

R = Vccsk  (10) 

with  V„c  equal  to  the  volume  of  gas.  This  approach  allows  for  a system-type  calibration  on  each 
package  type  being  tested.  Based  upon  the  lest  results  of  this  study,  the  radioactivc-tiaccr-gas  lest 
method  will  detect  leakers  within  the  leak  range  limits  of  each  package  with  a high  degree  of 
accuracy.  The  leak  range  limits  of  each  package  will  be  discussed  in  the  test  section  of  this  report. 

As  with  Condition  A,  the  repeatability  of  the  procedure  is  dependent  on  the  leak  rates  being 
within  the  sensitivity  range  for  the  devices  being  tested  volume.  Table  X shows  the  percentage  of 
fine  leakers  of  each  case  type  which  exhibited  repeatable  readings  throughout  the  four  test  runs  and 
also  the  percentage  of  the  total  sample,  fins  and  gross,  which  had  repeatable  readings. 


Table  X.  Test  Condition  B Repeatability 


Package 

Percent 

Fine-Leak  Range  Only 

Percent  Including 
Gross  Leakers 

TO-S4 

98 

97 

C-PAK 

SO 

es 

C-OI? 

92 

92 

MOS 

95 

93 

TO-100 

97 

97 

1X1  Ceramic 

97 

93 

TO-3 

97 

53 
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SECTION  V 


TEST  RESULTS  OF  CONDITIONS  A AND  B 


Phases  III  and  IV  lest  results  show  tfuss  each  package  size  must  be  handled  individually,  as  any 
general  statement  would  not  hold  true  for  all  packages.  Results  are  based  on  the  reject  limits  of 

*7 

5X10  for  volumes  greater  than  0.1  cc.  For  both  methods  to  haw  a common  baseline,  the  results 
are  based  upon  L,  a calculated  leak  rate  for  Condition  A and  upon  Q.  a calculated  value  for 
Condition  B.  The  R value  was  determined  by  drawing  a horizontal  line  on  the  graph  starting  at 
L = 5 X 10“7  or  5 X I0“6  as  applicable  and  rejecting  all  values  above  the  iine  (Figures  4S-5 1 ).  The 
results  show  that  for  the  units  with  a volume  less  than  0.04  cc  there  was  not  an  overlap  between 
Test  Conditions  A and  B and  Test  Condition  C.  The  gap  between  the  test  conditions  could  be  closed 
in  most  cases  by  lowering  the  reject  value  for  the  device.  Test  Condition  A has  a slightly  broader 
detection  tange  than  Condition  B.  The  total  lest  time  for  Condition  B is  much  less  than 
Condition  A due  to  the  bomb  times  required.  The  accuracy  of  both  Condition  A and  Condition  B 
depend  upon  the  strict  adherence  to  exact  bomb  pressures,  dwell  time,  and  time  to  readout.  The 
sensitivity  of  the  test  conditions  and  the  number  of  rejects  detected  using  current  MIL-STD-S83 
conditions  arc  based  upon  single  test  runs  with  the  results  displayed  in  Table  XI.  The  result  of 
performing  the  tests  using  the  three  reject  criteria  of  MIL-STD-SS3  is  displayed  in  Table  XII. 

Table  XI  shows  that  the  results  of  the  test  ate  dependent  upon  the  test  condition  used  and  the 
reject  criteria  of  that  condition.  If  the  same  Condition  A,  L value  and  Condition  B.  Q value  are 

Table  XI.  Comparison  of  Rejects  Detected  by  Test  Condition  A 
and  Test  Condition  B,  using  a Common  Baseline 
Q and  L > 5 X 10— 7 for  volume  <0.1  cc 
Q and  L > 5 X 10-^  for  volume  > 0.1  cc 


Rejects  Detected 

Device  Type 

Condition  A 
60/1  Table  III 

Condition  B 

TO-S4 

14 

20 

C-PAK 

51 

53 

C-DIF 

40 

30 

MOS 

19 

21 

TO-100 

60 

44 

1X1  Ceramic 

7 

6 

TO-3 

32 

29 

Large  Ciass 

21 

15 

Small  Glass 

9 

5 

Table  XII.  Rejects  per  Failure  Criteria  of  MIL-STD-883, 
Condition  A and  Condition  B 


Civic*  Type 

R 

L 

Q 

TO-S4 

16 

14 

34 

C-PAK 

62 

Si 

75 

C-OlP 

S4 

40 

45 

MOS 

21 

19 

33 

70-100 

67 

42 

64 

1X1  Cesni: 

26 

7 

TO-3 

41 

32 

75 

LxjcGtss 

31 

21 

32 

Small  Glass 

17 

9 

14 

used,  the  results  will  be  similar  on  those  derices  within  the  detection  range  as  shown  in  Table  XI. 
Test  Condition  A has  a slightly  broader  detection  range  for  some  package  types  than  does 
Condition  B.  This  is  pointed  out  by  the  escape  rate  percentage  for  each  package  (Table  XIII). 

The  overkill  and  escape  percentages  are  based  on  four  test  runs  performed  on  each  device.  The 

"7 

overkill  percentage  is  based  on  the  number  of  times  the  test  condition  called  a device  in  the  10  or 
smaller  range  a gross  leaker,  with  a gross  leaker  being  defined  as  a device  having  a leak  rate  of 
1 X 10~^  or  greater.  The  escape  pt-.centige  is  based  upon  the  condition  not  detecting  a leiker  in  a 
specific  range.  The  leak  rate  of  the  escaping  devices  was  known  from  the  gross  leak  data.  This  data  is 
displayed  in  Table  XIII. 

1 . SENSITIVITY  Or  TEST  CONDITIONS  A AND  B 
A.  TO-84  Package  (0.006  cc  Internal  Volume) 

The  TO-84  was  the  smallest  volume  package  tested.  It  can  be  seen  from  the  graphs 

n 

(Figures  3-7)  that  if  the  5 X 10  L value  is  used  as  a reject  point,  the  sensitive  range  of  the  test  is 
from  5 X 10~^  to  2 X 10~*\  If  the  R value  of  5 X 10-^  is  used  with  1-hour  bomb  time  at  60  psig, 
the  sensitive  range  is  extended  to  include  from  6 X 10-^  to  approximately  3 X 10-<\  These  ranges 
are  verified  by  the  fact  that  92%  of  the  devices  known  to  have  leak  rates  larger  than  1 X 10— 5 were 
not  detected  by  Condition  A.  Test  Condition  B data  indicate  that  it  has  slightly  less  range  than 
Condition  A towards  the  gross  end.  Eight-nine  percent  of  the  devices  known  to  have  leak  rates 
larger  than  1 X 10-5  were  not  detected,  which  is  not  significantly  different  from  Condition  A. 
However,  33%  of  the  devices  having  leak  rates  of  10“^  escaped,  whereas  4%  of  this  group  escaped 
on  the  Condition  A test.  The  10'"^  group  escape  rate  is  reduced  to  17%  if  a reject  point  of 
5 X lO-^  (current  limit)  is  used  and  to  zero  if  a 1 X 10~^  limit  is  used. 
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Tiie  overkill  on  Condition  A was  1%  and  on  Condition  B 2.5%  with  an  overkill  being  defined  as 
a fine  leaker  which  is  classified  as  a gross  leaker  by  the  test  condition. 

There  is  not  an  effective  overlap  of  either  Condition  A or  Condition  B with  gross  leak  test 
conditions  for  packages  of  this  volume. 

B.  C-PAK  (0.01 2 cc  Imt-rnal  Volume) 

The  graphs  (Figures  S-12)  which  result  from  the  solution  of  the  Test  Condition  A formula 
indicate  that  if  a 5 X i0~7  L vaiue  is  used,  the  sensitive  range  extends  to  5 X 10"^.  If  the 
5 X 1Q~S  R value  is  used  with  a 1-hour  bomb  at  60  psig,  the  range  is  9 X 10~®  to  9 X 10"*\  The 
data  tend  to  support  these  ranges  with  the  42%  escape  rate  of  devices  known  to  be  in  the  10"** 
range.  However,  the  escape  rates  in  the  10"^  (42%)  and  10-^  (55%)  points  out  that  Condition  A 
does  have  some  sensitivity  beyond  the  point  indicated  by  the  graphs  on  packages  of  this  volume. 
Time  from  release  of  pressure  to  read  this  sensitivity  into  the  gross  range  is  a function  of  (t-))  and  in 
a practical  sense  cannot  be  utilized  to  replace  a gross  leak  test.  The  Test  Condition  B data  indicate 
that  the  sensitivity  range  is  essentially  the  same  as  that  of  Condition  A.  The  escape  rates  in  the 
10"**  and  10" 5 ranges  were  slightly  higher,  61  and  53%  respectively,  but  the  escape  rate  in  the 
10  ‘T  group  was  lower,  43%.  The  escape  rate  in  the  10  ° group  is  reduced  to  37%,  comparable  with 
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Condition  A.  if  a 5 X 1 0 ° limit  is  used. 

The  overkill  rates  were  higher  (5%  on  Condition  A and  7.5%  on  Condition  B)  than  on  the 
metal  can  TO-S4  devices.  Because  of  the  makeup  of  the  population  being  tested,  that  is  the  majority 
of  the  devices  being  leakers  of  some  magnitude,  these  overkill  rates  may  be  higher  than  would  be 
encountered  in  a population  having  a normal  distribution. 

As  indicated  by  the  escape  rates  in  the  gross  ranges  (10"-’  and  10"^),  there  is  an  overlap  but  it 
must  be  defined  as  helpful  but  not  dependable  in  terms  of  removing  these  gross  leakers. 

C.  C-DIP  (0.014  cc  Internal  Volume) 

Figures  13-17  show  that  at  an  L value  of  5 X 10"7.  the  sensitivity  range  extends  to  6 X 10"** 
and  at  an  R value  of  5X10®  using  standard  bomb  conditions,  the  range  is  from  9 X 10~®  to 
1 X 10  An  analysis  of  the  data  indicates  that  the  range  is  slightly  less  than  indicated  since  15% 
of  the  devices  having  leak  rates  in  the  10"°  range  escaped  using  the  5 X 10  _/  L value  and  6%  of 
this  group  escaped  using  the  5 X 10"®  R value.  However,  some  of  the  leakers  in  the  10"^  group 
were  detected  by  the  method  which,  as  with  the  C-PAK,  indicates  that  t^  is  a critical  factor  in 
detecting  gross  leakers  by  Condition  A.  The  sensitivity  range  of  Condition  B is  apparently  slightly 
less  than  that  of  Condition  A since  46%  of  the  devices  in  the  10"**  group  escaped  detection  using 
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the  5 X 10  limit.  However,  if  the  current  5X10  ® Q limit  is  used,  the  escape  rate  in  the  10  ^ 
group  is  reduced  to  3 %. 

The  overkill  rates  were  3.3  and  2.4%  respectively  for  Conditions  A and  B using  the  5 X 10-^ 
limit  in  both  cases.  Some  siiglit  increase  is  noted  if  the  limits  arc  lowered,  but  as  pointed  out  earlier, 
these  are  not  normal  distributions. 

Based  on  the  fact  that  some  escapes  do  occur  in  the  10-<*  range  with  the  conditions,  an 
overlap  with  the  bubble  gross  methods  does  not  exist  but  the  fine  and  gross  methods  do  meet  if  the 
proper  limits  are  chosen  for  the  fine  leak  tests. 

D.  MOS  DIP  (0.041  cc  Internal  Volume) 

Figures  18-22  show  that  at  an  L value  of  5 X 10-^,  the  sensitivity  range  extends  to 
2.5  X 10“ 5 and  that  if  an  R value  of  5 X 10-^  is  used  at  standard  bomb  conditions  (1  hour  at 
60  psig),  this  range  is  extended  from  1.7  X 10-^  to  3.7  X 10~^.  The  data  verifies  this  because  all  of 
the  devices  in  the  10  ^ group  were  detected  as  leakers  and  the  escape  rate  in  the  10~ -)  group  was 
46%.  If  the  5 X 10  ^ limit  is  used  for  Condition  B,  the  sensitivity  is  reduced  significantly  because 
with  this  limit  the  10“^  group  had  an  escape  rate  of  43%,  although  the  escape  rate  in  the  10-^  was 
50%,  about  the  same  as  Condition  A.  If  the  current  Condition  B limit  of  5 X 10-^  is  used,  the 
escape  rate  in  the  10“^  group  is  1 1%,  again  indicating  that  Condition  B is  slightly  less  sensitive  than 
Condition  A on  a package  of  this  volume. 

The  overkill  rates  on  this  package  were  1%  on  Condition  A and  zero  on  Condition  B. 

There  is  an  overlap  with  gross  leak  methods  with  this  volume  as  indicated  by  approximately 
50%  of  the  devices  in  the  10_;>  range  being  detected  on  both  of  the  test  conditions. 

E.  TO-100  (0.086  cc  Internal  Volume) 

Figures  23-27  show  that  with  the  5 X 10“^  l limit,  the  sensitivity  extends  to  7 X lO--’  and 
with  the  5 X 10~^  limit  at  standard  conditions  the  range  is  from  2 X 10“^  to  9 X 10--\  The  data 
indicates  that  this  range  is  covered  since  the  escape  rates  were  2%  in  the  10-^  group  and  3%  in  the 
10-5  group  when  the  5 X 10-^  L limit  was  used.  Only  2%  of  the  devices  in  tne  10-^  group 
escaped  which  indicates  that  with  a short  t?  time  many  gross  leakers  will  he  detected  when 
Condition  A is  used.  With  the  5X10'"^  baseline  limit,  the  sensitivity  of  Co  clition  B was 
significantly  less  than  that  of  Condition  A since  24%  of  the  10""^  group  and  22%  of  the  10”^  group 
escaped.  However  if  the  5 X 10-®  MIL-STD-833  limit  is  used  these  escape  rates  are  reduced  to  zero 
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and  3%  respectively.  The  escape  rate  in  the  10  4 group  was  3.5%  with  either  of  the  limits  which 
indicates  good  extension  into  this  range. 

The  overkill  factors  were  1.4%  for  Condition  A and  2.3%  for  Condition  B which  are  about  the 
same  as  experienced  with  other  packages. 

There  is  a good  overlap  with  the  gross  leak  conditions  provided  the  proper  fine  leak  reject 
limits  are  used.  This  is  pointed  out  by  the  low  escape  rates  in  the  10“^  and  10~4  groups. 

F.  Ceramic  Package  (0.45  cc  Internal  Volume) 

Figures  28-32  show  that  if  the  5 X 10~^  L value  is  used,  the  sensitivity  extends  to  4 X 10~4, 
and  that  if  the  5 X 10-7  R value  is  used,  the  sensitivity  range  is  from  2 X 10“^  to  5 X 10-4  at 
standard  bomb  conditions.  The  data  failed  to  verify  these  sensitivity  ranges.  Escape  rates  ranged 
from  86%  in  the  10-^  group  to  25%  in  the  10-4  group  with  10--\  10-^,  and  10“ - groups  falling 
between  these  extremes  when  the  5 X 10-^  L reject  value  was  used.  However  if  an  L value  of 
1 X 10“6  is  used,  the  escape  rate  drops  to  1.4%  in  the  10— ^ group  to  zero  in  all  other  groups 
including  10  -.  If  the  Lvalue  is  further  reduced  to  7 X 10  , no  escapes  occur. 

The  sensitivity  of  Condition  B was  poor  on  this  package  because  of  the  high  surface  count  rate. 
Table  XIV  shows  that  the  surface  absorption  causes  indications  of  leaks  in  the  10-7  range  through 
the  first  hour  after  removal  from  the  bomb.  This  sorption  on  the  actual  devices  varied  over  a wide 
range  and  by  the  time  desorption  occurred,  the  internal  tracer  gas  level  was  reduced  to  a point 


Table  XIV.  Surface  Absorption  on  1 X 1 Ceramic 
Lids  with  Epoxy  Sealant 
(All  Data  X 1 0"  ® atm  cc/sec) 


Time  to  Read  After  Conditioning  (Minutes) 


3.0 

1.0 

3.0 

1.0 

3.0 

1.4 

2.5 

1.0 

3.0 

1.2 
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which  allowed  the  escapes.  The  situation  is  further  complicated  by  some  percentage  of  the  beta 
particles  apparently  having  sufficient  energy  to  penetrate  the  ceramic.  This  part  of  the  count  cannot 
be  differentiated  from  surface  count. 

There  were  no  devices  in  this  group  in  the  fine-leak  range  so  an  overkill  factor  could  not  be 
established. 

Test  Condition  A overlaps  through  the  1 0 - range  but  the  escape  rates  on  Condition  B require 
that  the  gross  range  be  fully  tested  by  other  methods  if  Condition  B is  used. 

G.  TO-3  ( 1 .07  cc  Internal  Volume) 

Figures  33-37  show  that  if  the  L value  of  5 X 10“^  is  used,  the  sensitivity  extends  to 
9 X 10-4  and  that  if  the  5 X lO-^  R value  is  used,  the  range  is  from  2 X 10“^  to  1 X 10“^.  As 
with  the  large  ceramic  package,  the  data  did  not  verify  this  range.  The  escape  rate  was  32%  in  the 
10-^  group  using  the  limits  stated  above.  Escape  rates  in  the  10“^,  10“^,  and  10”“  groups  were  5, 
0,  and  14%  respectively.  The  escape  rate  is  reduced  to  zero  in  the  10— ^ group  and  10%  in  the  10-^ 
group  if  the  L limit  is  reduced  to  5 X 10-^. 

The  sensitivity  range  of  Condition  B was  essentially  the  same  as  that  of  Condition  A if  the 
same  baseline  limit  cf  5 X 10"^  was  used.  The  escape  rate  was  33%  in  the  10-^  group,  5%  at  10~^, 
zero  at  10-^  and  28%  in  the  10-^  group.  These  escape  rates  are  reduced  to  11%  in  the  10“ ^ group 
and  to  zero  in  the  10“^  and  iO--*  groups  if  the  current  specification  limit  of  5 X 10“^  is  used. 

Overkill  rates  were  unacceptably  high  on  this  package,  11%  on  Condition  A and  17%  on 
Condition  B.  Further  analysis  of  this  test  group  indicated  that  the  problem  was  caused  by  voiding  in 
the  weld  flange  area  on  the  devices  and  not  by  the  test  conditions  themselves. 

The  overlap  with  gross  leak  test  conditions  is  good  extending  through  the  10~ ^ range  and  well 
into  the  range  provided  the  proper  fine-leak  limits  are  used. 

Maximum  sensitivity  in  terms  of  extending  Conditions  A and  B into  the  gross  leak  ranges  is 
shown  in  Table  XV.  It  requires  that  all  Condition  A limits  be  lowered  and  that  Condition  B limits 
for  packages  having  internal  volumes  of  less  than  0.01  cc  be  lowered. 
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2. 


CONDITION  A REPEATABILITY  (TABLE  V) 


A.  TO-84 

Ninety-four  percent  of  these  devices  read  in  the  same  leak  rate  decade  on  all  four  of  the  data 
runs.  One  of  these  failing  to  repeat  was  in  the  10“^  range,  four  were  in  the  10”^  range,  and  only 
one  in  the  <10-^  range.  Even  though  these  readings  failed  to  repeat,  the  device  in  the  I0~^  range 
and  three  of  those  in  the  10-^  range  would  have  been  rejected  on  all  four  of  the  test  runs. 

B.  C-PAK 

Overall  repeatability  on  this  ceramic  package  was  very  poor,  only  26%  of  the  devices  had 
consistent  readings  on  all  four  data  runs.  On  the  devices  which  had  leak  rates  of  <10-<\  however, 
the  readings  did  repeat  on  70%  of  the  devices.  The  devices  in  this  <10~^  group  which  failed  to 
repeat  were  called  gross  leakers  on  one  of  the  tests  and  in  the  case  of  one  device,  two  of  the  tests. 

C.  C-DIP 

Overall  repeatability  on  this  package  was  64%  with  a 7 1%  repeatability  on  those  devices  having 
leak  rates  of  <10-<\  As  with  the  C-PAK,  the  cause  of  nonrepeatability  in  the  fine-leak  range  was 
due  to  the  devices  being  called  gross  leakers  on  one  or  more  of  the  test  runs. 

D.  MOS  DIP 

Eighty-nine  percent  of  the  devices  in  this  group  had  readings  which  repeated  on  all  four  of  the 
test  runs.  Eighty-seven  percent  of  the  devices  in  the  < 10~^  range  had  readings  which  would  have 
consistently  rejected  or  accepted  them  to  a 5 X 10~^  R criteria. 

E.  TO- 100 

Ninety-three  percent  of  these  devices  had  repeating  readings  in  each  of  the  test  runs.  All  of  the 
devices  which  failed  to  repeat  were  called  rejects  on  one  or  more  of  the  test  runs. 

F.  1X1  Ceramic 

Fifty-six  percent  of  the  devices  in  this  group  had  readings  which  could  be  termed  repeatable. 
This  seems  low,  but  it  must  be  pointed  out  that  all  the  devices  in  this  group  had  leak  rates  of  10“^ 
or  greater.  If  one  considers  only  those  devices  with  leak  rates  of  <10“^,  then  70%  of  the  readings 
were  repeatable  and  if  the  population  is  further  reduced  to  include  only  those  devices  with  leak 


83 


rates  of  <10  72%  of  the  readings  are  repeatable.  Eighty  percent  of  devices  in  the  10  ^ range 

had  consistent  readings  in  all  four  of  the  test  runs. 

G.  TO-3 

Eighty-five  percent  of  this  group  had  repeatable  readings  on  all  four  of  the  test  runs. 
Twenty-seven  percent  of  those  failing  to  repeat  had  leaks  of  10-^  or  larger  and  the  rest  were  in  the 
■10~6  range. 

3.  CONDITION  B REPEATABILITY  (TABLE  X) 

A.  TO-84 


Ninety-seven  percent  of  the  devices  had  readings  which  repeated  on  all  four  of  the  test  runs. 
Those  which  failed  to  repeat  with  one  exception  were  in  the  lO-^  range.  More  than  98%  of  the 
devices  with  leak  rates  of  < 10~6  had  repeatable  readings  on  all  runs. 

B.  C-PAK 

Sixty-five  percent  of  these  devices  had  readings  which  repeated  in  all  four  test  runs.  Sixty 
percent  of  the  devices  having  leak  rates  < 10~^  repeated  each  time;  however,  only  10%  of  those  not 
repeating  were  in  the  < 10-^  range. 

C.  C-DIP 

Ninety-two  percent  had  repeated  readings  in  the  four  test  runs.  Those  which  failed  to  repeat 
were  in  the  10“^  and  10“^  ranges  with  some  of  the  test  runs  classifying  them  as  rejects  and  others 
as  good  devices  to  the  present  5X10  ° specification  limit. 

D.  MOS  DIP 

Ninety-six  percent  of  the  devices  in  this  group  had  repeatable  readings  through  the  four  test 
runs.  Those  which  were  nonrepeating  were  devices  which  shifted  between  the  10“^  and  10~^ 
ranges.  If  only  the  devices  in  the  < 10”^  range  are  considered,  95%  had  repeatable  readings 
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E.  TO- 100 


Ninety-seven  percent  of  these  devices  had  readings  which  repeated  on  all  four  test  runs.  Those 
not  repeating  were  in  the  10-6  range  and  were  not  detected  as  leakers  on  one  or  more  of  the  test 
runs.  The  97%  is  also  true  if  only  the  devices  in  the  <10-6  range  are  considered. 


F.  1X1  Ceramic 

Ninety-three  percent  of  these  devices  had  repeatable  readings  and  with  the  exception  of  one 
device,  the  nonrepeaters  were  in  the  10“2,  10~3,  and  10~4  ranges.  If  only  the  10“6  range  is 
considered,  97%  of  the  devices  had  repeatable  readings. 

G.  TO-3 


Ninety-eight  percent  of  the  devices  had  readings  which  repeated  on  all  four  test  runs.  Both  of 
those  not  repeating  were  in  the  10~6  range  ancj  were  rea(j  jn  tjie  jq-S  range  Qn  twQ  Qf  ^ four  tesJ. 

runs.  In  the  < 10-^  range,  the  readings  were  97%  repeatable. 


SECTION  VI 


SURFACE  ABSORPTION 


This  phase  of  the  study  was  conducted  with  25  C-DIP  lids,  30  1 X 1 ceramic  lids,  CV98  sealing 
glass,  and  Ableseal  and  Duraseal  sealing  compounds.  The  C-DIP  and  1 X 1 packages  will  be  discussed 
separately. 

The  25  C-DIP  lids  were  subjected  to  a 60  psig,  4-hour  bomb  in  helium.  Five  each  of  the  lids 
were  read  at  intervals  of  1,  30,  60,  90,  and  120  minutes.  Readings  in  each  case  were  completed 
within  5 minutes.  This  procedure  was  used  to  negate  the  effect  of  previous  vacuum  cycles  on  the 
lids.  The  readings  progressed  downward  from  a maximum  of  2.8  X 10“^  at  1 minute  to  3 X 10~^ 
at  30  minutes  to  3 X 10~9  at  60  minutes  to  5 X 10— at  90  minutes  to  zero  at  120  minutes.  This 
indicates  that  surface  sorption  would  be  a problem  only  on  marginal  devices  read  immediately  after 
removal  from  bomb  if  a limit  of  <5  X 10“^  was  being  used. 

This  procedure  was  repeated  with  krypton-85  using  a bomb  time  and  pressure  equivalent  to  a 
test  with  a 1 X 10""^  limit  on  a package  of  this  volume.  All  25  of  the  lids  read  zero  at  > 1 minute  so 
no  further  readings  were  taken.  The  vacuum  cycle  inherent  in  the  Radiflo  systems  for  storage  of  the 
krypton-85  evidently  removes  ail  gas  which  has  been  absorbed  by  the  ceramic. 

The  C-DIP  lids  were  then  cured  with  the  sealing  glass  by  processing  through  a furnace  at 
normal  sealing  temperatuies.  The  lids  were  then  rebombed  at  the  same  conditions  used  previously. 
There  was  not  a significant  change  in  the  values.  The  maximum  readings  were:  3 X KT  ^ at 
1 minute,  4 X 1 0~^  at  30  minutes,  2 X 10'^  at  60  minutes,  5 X 1 0—  at  90  minutes,  and  zero  at 
120  minutes. 

The  lids  were  then  resubjected  to  the  radioisotope  test  with  significantly  different  results.  The 
maximum  readings  were:  7 8X10“^  at  1 minute,  7X10-^  at  30  minutes,  5.8  X 10— ^ at 
60  minutes,  5.5  X 10-^  at  90  minutes,  and  5.1  X 10-^  at  120  minutes.  There  were  also  lids  that 
read  zero  and  1 X 10-^  at  one  minute,  this  led  to  an  examination  of  the  lids  which  showed  seal 
glass  voiding  to  be  more  pronounced  in  some  than  in  others. 

For  the  C-DIP  package,  it  can  be  concluded  that  surface  sorption  is  not  a problem  during 
helium  testing  if  the  test  limit  being  used  is  in  the  10~^  range  but  that  it  could  result  in  overkill  if 

O 

the  limit  were  less  than  5X10  . The  sorption  resulting  from  voids  in  the  sealing  glass  can  result  in 

O 

overkill  of  this  package  at  the  normal  5 X 10“  ° radioisotope  limit. 


Twalj'-fire  of  the  1X1  ceissnic  lids  ntresubjMd  to  the  same  initiafprocedures  as  were  the 
C-DIP  lids.  The  maximum  leadings  aft«  helium  bomb  were:  S X 10“^  at  1 minute,  2.7  X 1G~®  at 
30  minutes,  2.2  X 10"®  at  60  minutes,  1.5  X 10“^  at  90  minutes,  and  S X 10"^  at  120  minutes. 
This  indicates  that  the  surface  sorption  would  be  a factor  at  limits  of  1 X 10" 7 or  less.  The  lads  all 
read  zero  after  subjection  to  the  radioisotope  test.  As  with  the  C-DIP,  this  cm  be  attributed  to  the 
vacuum  portion  of  the  Radiilo  store  cyde. 

The  lids  were  then  divided  into  two  groups  with  Abkseal  strips  being  cured  onto  one  group 
and  Duraseal  onto  the  other  group.  After  subjection  to  the  same  helium  bomb  conditions,  the 
maximum  readings  in  the  Ableseal  group  were:  2.1  X 10"**  at  1 minute,  1.2  X 10"**  at  30  minutes, 
6.2  X 10~7  at  60  minutes,  4.5  X 10"7  at  90  minutes,  and  2.5  X 10"7  at  120  minutes.  In  the 
Duraseal  group  the  roaximams  were:  3.5  X IO"7  at  i minute,  6.2  X 10"®  at  30  minutes, 
3.5  X 10”7  at  69  minutes,  2.5  X 10"®  at  90  minutes,  and  13  X !0_o  at  120  minutes.  Similar 
results  were  obtained  on  the  radioisotope  test.  The  maximum  readings  in  the  Abkseal  group  were: 
4 X 10“  * at  1 minute,  2 X 10"7  at  30  minutes,  1 X IO"7  at  60  minutes,  4 X 10“^  at  90  minutes, 
and  2 X i0"®  at  120  minutes.  In  the  Duraseal  group  the  maximums  were:  4.1  X i0~ 7 at  1 minute, 
2X  10~7  at  30  minutes,  9 X 10"^  at  60  minutes,  3 X 10"®  at  90  minutes,  and  1.4  X 10"®  at 
120  minutes.  Voids  in  the  sealant  contributed  to  these  values. 

These  remits  point  out  that  each  ceramic  and  sealing  system  must  be  evaluated  to  determine 
what  the  absorption  problems  are.  Appropriate  wait  times  must  be  established  from  oiit-^f-fcomb  to 
read  but  must  be  kept  within  limits  which  will  allow  detection  of  the  actual  hermetic  seal  failures.  It 
is  apparent  from  this  data  that  high  overkill  and/or  escape  rates  can  occur  with  large  ceramic 
packages  unless  these  absorption  factors  are  considered. 

The  total  data,  C-DIP  and  large  ceramic,  also  point  out  that  no  general  rule  can  be  applied  and 
that  each  package  having  a different  type  of  ceramic  and/or  different  sealing  material  must  be 
evaluated  prior  to  starting  a test  program  on  the  package. 
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SECTION  VII 


TEMPERATURE  PRECONDITIONING 


This  phase  of  ih:  study  was  conducted  using  the  TO- 100  and  C-DIP  units.  The  test  was 
conducted  bv  installing  a heater  Inside  a helium  pressure  bomb  and  maintaining  temperatures  of 
50’ C,  "5®C,  100’C,  and  125®C  while  bombing  the  units  at  60  psig  for  1 hour.  Upon  completion  of 
the  hour  bombing,  the  units  were  tested  while  maintaining  the  specified  temperature  until  time  of 
reading.  The  units  w'ere  then  placed  into  a large  brass  fixture  and  heated  to  75° C,  100°C>  and 
1 25* C.  The  units  still  in  the  fixture  and  at  temperature  were  then  subjected  to  a radioisotope  test. 

The  test  results  are  shown  in  Figure  56.  The  ceramic  devices  exhibited  the  same  characteristics 
in  both  helium  and  krypton.  That  is,  the  devices  characterized  towards  the  gross  end  of  the  range  at 
25®C  moved  cowards  the  finer  end  of  the  leak  range  at  increased  temperature.  Devices  which 
indicated  leaks  in  the  10-<*  and  10“^  atm  c c/s  range  moved  toward  or  into  the  range.  The 
metal  can  device  leak  rates  tended  to  spread  in  helium  as  the  temperature  was  increased,  moving 
from  the  10-^  and  1C~ ^ range  toward  the  10“^  and  10“^  ranges.  At  125°C  the  population 
showed  a strong  tendency  to  move  back  toward  the  fine  end  of  the  range.  The  same  spreading 
occurred  in  krypton  at  75°C  as  with  the  helium  but  further  increases  in  temperature  shifted  the 
population  toward  the  gross  end  of  the  range,  resulting  in  significantly  different  distributions  at 
1 25°  C. 


The  resulting  conclusion  is  that  temperature  preconditioning  does  not  improve  the  sensitivity 
of  either  of  the  fine  leak  test  conditions.  In  fact,  it  adds  a variable  which  would  allow  unacceptable 
ceramic  devices  to  be  accepted  and  causes  some  metal  devices  which  are  acceptable  at  room 
temperature  to  be  rejected  and  others  which  should  be  rejected  to  be  accepted.  Because  of  these 
factors,  temperature  conditioning  and/or  testing  is  not  recommended  for  microcircuit  seal  testing. 
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SECTION  VHI 


GETTER  INC  EVALUATION 


This  phase  of  the  study  was  conducted  to  determine  the  feasibility  of  using  encapsulated  in  or 
bombed  in  gettering  materials  to  detect  gross  leakers  bv  either  the  helium  or  radioisotope  fine-leak 
conditions.  Polyimide,  FC-4S  Huorocarbcn,  PP-9  fluorocarbon,  and  vacuum  pump  oil  were 
evaluated  as  gettering  agents.  The  package  types  used  were  the  TO-84,  the  C-PAK,  and  the  MOS 
DIP.  The  evaluation  of  the  fluorocarbons  utilized  IOC  devices  of  each  package  type.  The  polyimide 
evaluation  was  conducted  on  100  C-PAK  devices  and  the  vacuum  oil  evaluation  was  conducted  with 
ten  MOS  DIP  packages.  Small  volume  packages  were  used  because  normal  Condition  A and  B escape 
rates  in  the  gross  range  are  much  higher  than  with  relatively  large  volume  packages. 

The  C-PAK  devices  containing  polyimide  were  rejects  from  a special  process  line.  They  were 
screened  and  categorized  by  the  procedures  described  in  the  discussion  of  Screening  and  Fabricating 
Leakers.  The  leak  rate  categories  of  the  devices  are  shown  in  Table  I.  The  devices  were  tested  at  the 
standard  conditions  of  Conditions  A (helium)  and  B (radioisotope). 

Tiie  helium  results  are  shown  in  Table  XVI.  There  was  a noted  improvement  in  terms  of  escape 
rate  in  the  1 0 and  1 0--’  ranges  over  those  devices  which  did  not  contain  polyimide.  The  escape 
rate  in  the  10~^  group  was  6%  where  it  was  41%  in  the  ungettered  group.  In  the  10“^  group,  the 
devices  containing  the  polyimide  had  an  escape  rate  of  33%  and  the  ungettered  group  had  an  escape 
rate  of  42%.  There  was  also  a marked  change  in  overkill  rates  however.  The  nongettered  group  had  a 
5%  overkill  rate,  this  increased  to  18%  with  the  use  of  the  polyimide. 


Table  XVI.  Overkill  and  Escape  Rates 
with  Getters  Using  Helium 


Polyimide 

FC-48 

PP-9 

Overkill  %/Range 

<10-6 

18 

0 

0 

Escape  %/Range 

10-6 

6 

91 

100 

10-5 

33 

88 

100 

10-4 

100 

ICO 

85 

10~3 

100 

- 

- 

91 
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The  radioisotope  results  are  shown  in  Table  XVII.  The  improvement  in  escape  rate  in  the  1 0~^ 
range  was  very  significant.  The  escape  rate  in  the  10~^  range  was  zero  as  compared  to  37%  in  the 
ungettered  devices.  In  the  10“  ^ group,  the  escape  rates  were  17%  for  the  gettered  devices  and  20% 
for  the  ungettered  ones.  The  overkill  rate  in  the  gettered  group  was  2%. 


Table  XVII.  Overkill  and  Escape  Rates 
with  Getters  Using  Krypton-85 


Ovc.'kitl  %/Range 
<10-6 


Escape  %/Range 
10-6 
10-5 
10-4 
10-3 


Polyimide 

FC-48 

2 

10 

The  TO-84,  C-PAK  and  MOS  DIP  devices  which  were  used  to  evaluate  the  fluorocarbons  are 
the  same  ones  used  in  other  phases  of  the  investigation.  Their  leak  rate  values  are  shown  in  Table  I. 
They  were  processed  in  the  following  manner. 


The  devices  were  placed  in  a pressure  vessel  and  the  pressure  reduced  to  1 torr,  this  condition 
was  maintained  for  1 hour.  The  fluorocarbon  which  had  been  preconditioned  by  bubbling  helium 
through  it  was  then  introduced  into  the  vessel  without  breaking  the  vacuum.  It  was  pressured  to 
60  psig  with  helium  and  this  condition  was  maintained  for  a period  of  2 hours.  Each  unit  was 
allowed  to  air  dry  for  a period  of  2 minutes  prior  to  testing  to  allow  the  fluorocarbon  on  the 
external  surfaces  to  evaporate. 


Results  were  negative  in  that  the  escape  rates  were  much  higher  in  the  gross  ranges  than  when 
no  gettering  was  used.  In  the  10"^  range,  the  escape  rates  were  91%  with  FC-48,  100%  with  PP-9, 
and  41%  ’with  no  getter.  This  was  caused  by  fluorocarbon  vaporization  during  the  initial 
pump-down  of  the  mass  spectrometer  which  resulted  in  excessively  long  pump-down  times  being 
required  for  the  machine  to  reach  test  vacuum  levels.  With  the  MS-90  UFT  system,  this  results  in  all 
devices  being  classified  as  gross  leakers. 


After  a 1 6-hour  vacuum  bake  which  was  also  used  between  each  FC-48  and  PP-9  test  run,  the 
devices  were  subjected  to  the  radioisotope  test.  The  devices  were  baked  at  100°C  foi  1 hour  and 
immediately  immersed  in  the  fluorocarbon  when  removed.  After  30  minutes  in  the  fluorocarbon, 
they  were  removed,  allowed  to  air  dry  for  2 minutes,  then  bombed  in  krypton-85  at  the  1 X 1 0~^ 


conditions  for  each  package.  The  escape  rates  were  not  improved  over  the  no  gettering  process;  in 
the  10-6  group,  the  escape  rate  was  48%  with  FC-48,  36%  with  PP-9,  and  37%  with  no  gettering. 

The  MOS  DIP  devices,  which  had  been  specially  prepared  by  drilling  a hole  in  each  lid,  were 
used  to  evaluate  the  vacuum  pump  oil.  This  was  done  to  prevent  the  test  samples  used  for  the  other 
phases  from  possibly  being  contaminated  rendering  them  unusable  for  further  testing.  The  devices 
were  baked  at  100°C  for  a period  of  1 hour  and  immersed  in  the  vacuum  pump  oil.  After 
30  minutes  they  were  removed  and  the  external  oil  removed  with  freon.  The  devices  were  then 
bombed  with  krypton-85  at  conditions  equivalent  to  1 X 1 0~^  Condition  B test.  All  of  the  devices 
were  detected  as  leakers  when  they  were  read  after  removal  from  the  bomb. 

It  was  noted  that  oil  had  leaked  out  of  some  of  the  devices  contaminating  the  suiiace  of  other 
devices.  In  a normal  distribution  of  devices  this  might  result  in  overkill  but  could  be  prevented  by 
proper  holding  fixtures  for  use  in  the  pressure  vessel. 

None  of  the  gettering  agents  proved  to  be  feasible  from  a production  standpoint.  The 
fluorocarbons  were  ineffective,  the  polyimide  allowed  all  or  most  leakers  in  the  10-^  and  10~“ 
ranges  to  escape,  and  the  vacuum  pump  oil  process  is  not  cost-effective  because  of  the  clean-up 
procedures  required  to  assure  that  all  oil  is  removed  from  the  external  surfaces  prior  to  exposure  to 
the  tracer  gas. 

The  data  indicate  however  that  an  agent  which  could  be  encapsulated  into  the  device  and 
which  had  better  gettering  characteristics  than  the  polyimide  would  work.  The  polyimide 
significantly  reduced  the  escape  rates  in  the  10“^  range;  therefore  it  is  reasonable  to  assume  that  a 
material  which  would  absorb  better  would  improve  the  escape  rates  in  larger  leak  rate  ranges.  The 
data  also  indicate  that  a material  which  had  the  gettering  characteristics  of  the  vacuum  pump  oil 
and  which  could  be  removed  from  the  external  surfaces  by  an  inexpensive  process  could  be 
successfully  used  to  detect  gross  leakers  with  the  fine  leak  test  conditions. 
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CONTROLLED  ORIFICE  EVALUATION 


This  phase  of  the  study  was  devoted  to  an  evaluation  of  using  a mass  spectrometer  to  detect 
gross  leaks  by  using  an  orifice  at  the  input  to  limit  the  flow  of  tracer  gas  into  the  machine.  It  was 
assumed  that  if  a constant  pressure,  having  a magnitude  that  would  allow  the  spectrometer  to 
remain  in  the  “Test”  mode,  could  be  maintained,  that  gross  leakers  couid  be  detected  This  would 
be  accomplished  by  constantly  monitoring  the  gas  flowing  out  of  the  device  through  the  orifice 
from  the  time  the  device  was  inserted  in  the  fixture  rather  than  having  to  wait  until  the  fixture 
cavity  was  pumped  down  after  insertion.  This  delay  to  pump  down  the  fixture  is  believed  to 
contribute  to  gross  leaker  escapes  by  allowing  the  helium  concentration  in  the  device  to  reach  a 
nondetectable  level  before  the  machine  reaches  test  pressures. 

A special  test  fixture  having  two  ports  was  fabricated  for  this  evaluation.  One  of  the  ports  was 
connected  to  the  intake  manifold  of  the  mass  spectrometer  through  a Veeco  type  VV-50  adjustable 
leak  valve  which  was  used  as  the  orifice  The  other  port  was  connected  to  the  manifold  of  the  mass 
spectrometer  through  a Hoke  valve.  This  arrangement  is  shown  in  block  form  in  Figure  57. 


Figure  57.  Block  Diagram  of  Controlled  Orifice  Test  Setup 
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The  test  sequence  used  was  to  bomb  the  device  in  helium,  insert  it  in  the  fixture  immediately 
upon  removal  from  the  bomb,  read  the  device  through  the  orifice  (Hoke  valve  closed),  and  if  no 
indication  of  a gross  leak  occurred,  then  read  through  the  no-orifice  line.  The  devices  were  left 
connected  through  the  orifice  for  a pe.iod  of  1 minute  and  were  classified  as  gross  leakers  if  the 
reading  increased  one  major  scale  division  within  the  period.  For  example,  if  the  reading  was 
5 X 10-^  at  time  zero,  the  device  was  rejected  if  the  reading  increased  to  6 X 10“^  during  the 
1 -minute  period. 

Three  metal  can  package  types  were  used  for  this  evaluation,  the  TO-84,  the  TO- 100,  and  the 
TO-3,  in  order  to  cover  a large  internal  volume  range.  The  TO-84s  were  subjected  to  three  test  runs 
and  the  other  packages  to  one  test  each,  making  a total  of  500  test  samples.  All  devices  were 
bombed  at  60  psig  in  helium,  the  TO-84s  for  2 hours,  and  the  larger  packages  for  1 hour. 

The  results  are  shown  in  Table  XVIII.  The  method  did  detect  some  of  the  TO-84  gross  leakers 

i 

which  had  been  missed  when  the  orifice  was  not  used,  however  the  escape  rate  v,as  still  38%.  The 
test  was  less  effective  on  the  other  packages  yielding  larger  escape  rates  than  had  occurred  without 
the  orifice  being  used.  The  overkill  rates  were  very  high,  9%  on  the  TO-84,  5 1%  on  the  TO-100  and 

35%  on  the  TO-3.  | 

» 

i 

5 

1 


These  facts,  high  escape  rates,  and  high  overkill  rates  coupled  with  the  longer  time  required  to 
test  each  unit  led  to  the  conclusion  that  controlled  orifice  testing  would  not  provide  any  effectivity 
improvement  for  microcircuit  seal  testing. 
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Table  XVIII.  Overkill  and  Escape  Rates  Using 
Controlled  Orifice  Helium  Testing 


TO-84 

TO-1QO 

TO-3 

Overkill  %/Range 

<10-6 

9 

51 

35 

Escape  %/Range 

>10-6 

38 

26 

67 

SECTION  X 


INTRODUCTION  TO  GROSS  LEAK  TEST  CONDITIONS  C AND  E 


The  object  of  this  part  of  the  study  v<as  to  evaluate  Test  Condition  C of  MIL-STD-883, 
Method  1014,  and  the  proposed  weight  gain  test,  Condition  E.  The  units  which  were  used  in  the 
-valuation  of  Test  Conditions  A and  B were  used  for  this  study  also.  Prior  to  starting  the  study,  all 
leak  rate  values  were  verified  to  ensure  that  the  units  had  not  plugged  or  opened-up  in  such  a way  as 
to  give  erroneous  indications.  The  units  were  grouped  and  retained  the  original  SN,  although  the  L 
value  may  not  have  remained  the  same.  The  number  of  devices  in  each  leak  rate  decade  is  shown  in 
Table  XIX.  This  study  was  conducted  using  the  following  fluorocarbons: 


3M 

Flu  tec 

FC-40 

PP-9 

FC-78 

PP-1 

VC-11 

PP-2 

The  purpose  of  using  six  fluorocarbons  was  to  determine  if  there  was  an  optimum  fluid  or 
combination  of  fluids  for  Condition  C or  Condition  E.  In  order  to  perform  the  testing  with  a 
minimum  probability  of  damage  to  the  units,  the  following  test  sequence  was  followed: 

1.  Cj  bubble 

2.  Weight  gain 

3.  C2  bubble 
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’/.  by  % 

Ceramic 

MOS 

TO-84 

All  Ceramic 

Dual  In-Line 

Dual-ln-Line 

(C-PAK) 

(C-DIP) 

(MOS  DIP) 

No. 

Leak  Rate  Units 

No. 

Leak  Rate  Units 

No. 

Leak  Rate  Units 

No. 

Leak  Rate  Units 

Leak  Rate 


ID 

1 

O 

V 

10 

<10-6 

45 

<10-6 

10-6 

47 

o 

1 

<T> 

18 

10-6 

IQ-5 

16 

10-5 

0 

10-5 

O 

1 

27 

>io-4 

14 

>10~4 

Ceramic 

1 Inch  by  1 Inch 


Leak  Rate 


Leak  Rate 


Glass  Standards 


Leak  Rate 


<10-6 

10-6 

10-5 

>10-3 
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SECTION  XI 


EVALUATION  OF  TEST  CONDITION  C 


This  phase  was  performed  in  two  parts,  part  one  was  the  evaluation  of  Condition  Cj  and  part 
two  the  evaluation  of  Condition  C?.  This  phase  was  conducted  using  four  different  fluorocarbons. 


3M 

Flutec 

FC-40 

PP-9 

FC-78 

PP-1 

Cj  evaluation  was  performed  by  subjecting  each  package  to  two  test  sequences  using  FC-40 
and  two  test  sequences  using  Flutec  PP-9.  The  test  was  performed  by  immersing  the  uppermost 
portion  of  the  unit  to  a minimum  of  two  inches  below  the  surface  of  the  fluid.  The  fluid  was 
maintained  at  a temperature  of  125±5°C  during  this  test.  The  units  were  observed  at  a 
magnification  of  3X  and  any  unit  which  produced  a stream  of  bubbles  or  a growing  bubble  was 
considered  a reject.  Surface  bubbles  or  trapped  nongrowing  bubbles  were  not  considered  cause  for 
rejection  The  devices  were  observed  against  a dull,  nonreflective  black  background  for  a period  of 
30  seconds  in  the  center  of  a collimated  light  beam.  Each  unit  was  recorded  as  good  or  reject  by 
serial  number. 

Each  group  of  devices  was  tested  two  times  in  the  FC-40  fluid  and  two  times  in  the  PP-9  fluid 
at  the  conditions  described  above.  The  results  by  package  type  are  shown  ,n  Table  XX.  The  Ci  test 

O 1 * 

has  been  assumed  to  be  sensitive  from  10  J through  10  1 leak  sizes.  Only  two  of  the  sample 

groups  contained  devices  known  to  be  in  the  10“^  and  10“^  ranges.  One  other  group,  the  glass 

standards,  contained  devices  in  the  10— ^ range  but  none  in  the  10_~  decade.  The  data  indicate  that 

under  ideal  conditions  (i.e.,  the  glass  standards  with  no  weld  flanges  or  seal  interfaces)  the  method  is 
-> 

sensitive  in  the  10  • decade.  No  escapes  occurred  in  this  range  on  these  devices.  However,  escapes 
did  occur  in  both  the  10~^  and  10~“  groups  on  theTO-3  and  1 X 1 ceramic  packages.  In  theTO-3 
package  group,  339c  of  the  devices  in  each  decade  escaped  in  either  of  the  test  fluids.  The  ceramic 
escape  rates  were  significantly  less,  3.3%  and  6.5%  with  FC-40  and  6.6%  and  0%  with  the  PP-9. 

The  data  also  indicate  that  the  test  condition  sensitivity  extends  into  the  10~^  and  10~^ 
decades.  For  example,  on  the  TO-84  package,  the  escape  rates  were  8.4%  with  FC-40  and  9.7 % with 
PP-9  in  the  10~^  decade.  Similar  observations  can  be  made  on  each  of  the  other  package  types 
(Table  XX).  The  overkill  rates  (devices  in  the  less  than  1 X 10— ^ leak  size  group  which  were 
rejected  for  bubbles)  varied  with  the  package  type.  These  rates  are  higher  on  ceramic  packages  than 
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on  metal  packages  with  the  exception  of  the  TO-3  which  had  a large  weld  flange  area  from  which 
bubbles  emanated.  For  example,  the  overkill  rates  on  the  C-DIP  were  1 1%  in  FC-40  and  14%  in  PP-9 
versus  2%  in  FC-40  and  10%  in  PP-9  on  the  TG-100  package. 

To  determine  whether  or  not  there  was  a significant  difference  in  the  two  fluids  used,  the  data 
on  all  of  the  devices  were  compiled  to  determine  overall  escape  and  overkill  rates.  This  is  shown  in 
Table  XXI. 


Table  XXI.  Comparison  of  FC-40  and  PP-9 
on  Total  Sample  Popubtion 


3M 

Flutac 

FC-40 

PP-9 

Overkill  Sj/Rarej* 

<10-= 

13 

22 

escape  %/Hange 

10“5 

21 

21 

icr4 

16 

15 

10-3 

8.4 

.1 

10-2 

32 

24 

The  overkill  rate  was  18%  in  the  FC-40  and  22%  in  the  PP-9.  The  escape  rates  are  21%  in  each 
fluid  in  the  10“ 3 range  and  16%  in  each  fluid  in  the  10' 4 range.  In  the  10~°  group  the  escape 
rates  were  8.4%  in  FC-40  and  1 1%  in  PP-9.  In  the  10~  - group  the  rates  were  32%  in  FC-40  and  24% 
in  PP-9  but  the  data  base  in  this  decade  (24  devices;  is  too  limited  to  draw  a firm  conclusion  as  tc 
whether  one  fluid  is  better  than  the  other  in  this  range. 

Repeatability,  the  ability  to  detect  or  accept  specific  devices  in  a leak  range,  was  very  poor. 
This  is  pointed  out  by  the  large  overkill  and  escape  percentage  shown  in  "oble  XX.  The  ability  of 
ihe  test  condition  to  detect  a “bubble”  or  “no  bubble”  condition  consistently  when  subjected  to 
four  test  runs  was  poor.  Table  XXII  shows  the  repeatability  of  the  condition  for  the  devices  with 
leak  rates  >10~$  and  the  overall  results  even  though  the  erfectivity  is  very  poor  in  the  10  and 
10~3  ranges.  The  table  shows  that  for  the  TO-84  and  the  C-DIP  package  the  ability  to  produce 
consistent  bubble  or  no  bubble  remits  is  much  better  than  the  ability  to  detect  all  the  units  in  a 
range.  For  example  the  overkill  and  escapes  on  the  TO-84  in  FC-40  was  1 1%  and  8.4%,  but  the 
bubble,  no  bubble  results  were  96%.  The  C-DIP  results  showed  1 1%  and  14%  overkill  and  escape 
with  a bubble  no  bubble  result  of  100%  and  94%. 
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Tabic  XXII.  Cj  Gross  Leak  Repeatability 


hdaje 

>13-5 

(XI 

Ovta in 

(XI 

TC-oS 

S3 

92 

Sfl 

43 

CC:? 

■OD 

S3 

mssm? 

S3 

69 

TO-KO 

9S 

73 

1X1  Ceaae 

35 

53 

T03 

35 

•SO 

sa 

* 

The  data  resulting  from  these  tests  indicate  there  is  not  a significant  difference  in  the  test 
fluids.  Either  3M  FC-40  or  Rutec  PP-9  car.  be  use»i  to  conduct  the  test.  It  also  shows  that  although 
the  sensitivity  extends  into  the  10“*  range,  the  test  cannot  be  termed  reliable  because  of  the  escape 
rates  which  occur  in  the  larger  leak  rate  decades  and  because  of  the  overkill  rates  which  occur  with 
some  package  types 

The  overkill  problem  discussed  above  was  also  reported  by  Raytheon  in  the  paper  “Raytheon 
Weight  Test  Method  for  Detecting  Gross  Leaks  in  Small  Internal  Volume  Semiconductor  Packages.” 
The  overkill  rates  reported  in  the  paper  were  higher  than  those  experienced  during  this 
investigation.  The  overkill  rate  could  be  reduced  by  using  only  a “steady  stream  of  bubbles”  as  the 
reject  criteria  but  there  is  an  associated  risk  of  increasing  the  escape  rate. 

it  must  be  concluded  that  Test  Condition  C j will  have  some  escape  rate  and  some  overkill  rate 
even  under  carefully  controlled  conditions. 

G>  evaluation  was  performed  by  subjecting  each  unit  to  two  test  sequences  using  3M 
FC-7S/FC-40  combination  and  two  sequences  using  Flutcc  PP-l/PP-9  combination.  The  procedure 
was'  as  "follows:  The  units  were  placed  inside  a vacuum/pressure  bomb  and  the  pressure  reduced  to 
1 terr  and  maintained  for  1 hour.  Without  breaking  the  vacuum,  the  fluid  (FC-78  or  PP-1)  was 
admitted  to  the  bomb.  Devices  with  internal  cavity  volume  equal  to  or  less  than  0.1  cc  were  then 
pressurized  to  90  psig  with  dry  nitrogen.  Devices  with  an  internal  cavity  volume  greater  than  0.1  cc 
were  pressurized  to  50  psig.  The  pressure  was  maintained  for  a period  of  3 hours.  The  units  were 
then  removed  from  the  bomb  and  retamed  in  a bath  containing  the  bomb  fluid  (FC-7S  or  PP-1). 
Tire  units  were  removed  from  the  bath  and  allowed  to  dry  3 ± 1 minute  in  the  air  prior  to 
immersion  in  the  indicator  fluid.  The  units  were  immersed  a depth  of  2 inches  below  the  surface  of 
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like  iitdbior  fii.id  (FC-SO  or  P«*-9>.  The  indicator  fluid  was  maintained  at  a temperature  of 
!25  i 5*C  during  the  testing.  The  units  were  observed  at  a magnification  of  3X  and  any  unit  which 
produced  a stream  of  bubbles  or  a growing  bubble  was  considered  a reject.  During  this  test 
procedure,  as  with  the  C j ffooedtare.  a surface  or  trapped  bubble  was  not  considered  a reject.  The 
devices  were  observed  against  a dull,  nonrefkctive  black  background  for  a period  of  30  seconds  in 
the  center  of  a collimated  light  beam,  tech  unit  was  recorded  as  good  or  reject  by  serial  number. 

Tire  results  show  slat  Condition  Oj  detects  most  of  the  leaking  devices  in  the  1C--*  and  larger 
ranges  (Table  XX!  H).  The  exceptions  are  the  TOS4. 1 X I ceramic,  and  TO-3  packages.  The  escapes 
on  the  TC-S-5  package  are  probably  due  to  the  small  volume  of  liquid  inside  the  package  vaporizing 
and  blowing  out  of  the  package  belcre  the  device  is  completely  submerged  in  the  fluid.  Failure  to 
monitor  the  device  from  the  time  of  entry  into  the  fluid  allows  a greater  number  of  devices  to 
escape.  The  results  show  that  approximately  40s?  of  the  derices  in  the  10"^  range  were  detected  as 
rejects,  which  indicates  the  method  does  extend  into  the  10“^  range.  However,  it  cannot  be  termed 
a reliable  method  in  this  tange  because  of  the  60*1  which  escaped.  The  overkill  was  much  higher  on 
the  TO*3  than  any  of  the  other  packages.  This  is  probably  due  to  a wide  seal  flange  area  containing 

<•»  -j 

weld  voids.  The  results  also  show  a high  escape  rate  in  the  10  J and  10~-  ranges  on  the  1 X 1 
ceramic  and  TO-3  derices.  It  could  not  be  determined  if  these  same  escape  rates  would  apply  to  the 
smaller  volume  packages  as  none  of  the  small  volume  devices  leaked  in  the  10  ^ or  10  - range. 

Repeatability,  the  ability  to  detect  specific  devices  in  a leak  range,  was  good  for  leak  rates 
>10“^.  The  devices  in  the  ^ 10~^  did  not  produce  results  as  good  as  the  results  of  the  gross  leakers 
(Table  XXlil).  The  ability  of  the  condition  to  produce  consistent  “bubble  ” “no  bubble”  results 
over  four  lest  runs  was  good.  Table  XXIV  shows  that  the  condition  has  a high  percentage  of 
repeatability  with  respect  to  consistently  detecting  bubble,  no  bubble  conditions  for  units  with  leak 
rates  SriO"0  with  the  exception  of  the  TO-3  package.  The  overall  results  are  not  as  good,  which 
indicate  that  the  condition  produces  most  of  the  erroneous  results  in  the  < 10“^  leak  ranges.  This  is 
also  shown  in  Table  XX1U. 

The  overall  test  results  indicate  there  is  no  significant  difference  in  the  fluids  (Table  XXV). 
Either  combination  can  be  used  for  Condition  C?  testing. 

One  test  run  in  each,  of  the  fluid  combinations  was  conducted  without  the  vacuum  cycle  but 
with  the  bomb  pressure  increased  one  atmosphere  above  specification  valuer  The  results  indicate 
that  escape  rates  are  higher  on  packages  having  an  internal  volume  of  <0.10  cc  il  die  vacuum  cycle 
is  omitted.  There  is  no  significant  difference  on  packages  having  volumes  larger  than  0. 10  cc. 

It  can  be  concluded  that  Condition  C?  is  more  effective  and  repeatable  than  Condition  Cj.  If 
Test  Condition  C?  is  used,  it  is  not  necessary  to  run  Condition  Cj. 
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Table  XXIV.  C2  Gross  Leak  Repeatability 


Package 

>10-5 

(%) 

Overall 

{%) 

TO-84 

88 

70 

C-PAK 

93 

73 

C-DIP 

93 

79 

MOS  DIP 

85 

69 

TO-IOO 

94 

78 

1X1  Ceramic 

92 

70 

TO-3 

78 

65 

Glass 

96 

94 

Table-  XXV.  Comparison  of  Test  Fluids 
FC-78/FC-40  and  PP-l/PP-9 


Fluid 

FC-78/FC-40 

PP-l/PP-9 

Overkill  %/Rauge 

<10-6 

26 

21 

Escape  %/Range 

10-6 

41 

30 

10-5 

5 

3.4 

10-4 

2.3 

2 

IO-3 

4.2 

2.8 

10-2 

10 

20 
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EVALUATION  OF  CONDITION  E 


i 
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, In  preparation  for  evaluating  the  weight  gain  test,  the  fluid  flow  rate  through  leak  sizes  in  the 

gross  range  versus  pressure  was  determined.  The  leak  size  at  which  fluid  flow  ceases  was  also 
j determined.  A control  valve  ('A:eco  type  VV-50)  was  used  to  provide  verifiable  leak  sizes  which 

i were  measured  with  the  MS- 12  mass  spectrometer.  The  equation 
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is  obtained  from  Equation  (1)  and  defines  the  indicated  leak  rate  of  the  device  at  the  end  of  the 
bomb  period.  The  system  used  allowed  the  volumt  of  gas  inside  the  control  valve  to  become  «>.  This 
makes  e-x  approach  zero  and  makes  the  portion  of  the  equation  inside  the  braces  equal  to  one.  A 
pressure  bottle  with  a regulator  was  used  to  supply  the  helium  to  the  inlet  side  of  the  orifice  with 
the  outlet  side  under  vacuum.  A vacuum  had  been  pulled  on  the  inlet  side  of  the  orifice  to  remove 
the  normal  air  prior  to  introduction  of  the  helium.  Therefore,  the  atmosphere  was  approximately 
100%  helium  at  1 atmosphere.  The  expression 
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Po  \ M / 


i/2 
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defines  the  escape  rate  of  the  gas  through  the  orifice.  The  regulator  and  pressure  bottle  kept  the 
amount  of  helium  to  the  orifice  constant.  Therefore,  time  t2  was  always  effectively  0,  making  the 
expression  equal  to  1.  Now  the  equation  can  be  written  as: 


R = 


Lpp 

(i r)  1,1 111 
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This  allowed  the  valve  to  be  set  to  exact  L values  by  adjusting  the  valve  to  produce  the  proper  R 
value  at  each  test  pressure  (30,  60,  90  psig). 
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The  valve  was  plumbed  in  such  a way  as  to  allow  helium,  liquid,  vacuum  or  a drain  to  be 
applied  at  the  inlet  of  the  valve.  The  outlet  of  the  valve  fed  directly  to  a glass  vial  which  was  fitted 
tightly  to  the  valve.  By  removing  the  glass  vial,  the  outlet  could  be  connected  to  the  Veeco  machine. 
The  valve  was  mounted  in  such  a way  that  it  could  be  rotated  to  drain  the  fluid  at  the  end  nr  each 
test  point. 

The  procedure  for  setting  and  checking  an  R value  was  as  follows: 

1.  With  the  control  valve  outlet  connected  to  the  mass  spectrometer,  the  inlet  was 
subjected  to  a vacuum. 

2.  With  the  inlet  under  the  vacuum,  helium  was  supplied  to  the  inlet  at  a pressure  set  to 
approximately  1/4  psig.  This  ensured  a 100%  helium  atmosphere  supplied  io  the 
orifice. 

3.  The  orifice  was  adjusted  to  Lvalues  ranging  from  3 X 10“^  to  1 X 10“*\ 

4.  The  pressure  was  removed  and  the  inlet  side  of  the  valve  pressure  was  reduced  to  the 
vacuum  condition. 

5.  The  line  from  the  valve  outlet  to  the  mass  spectrometer  was  removed  and  a glass  vial 
was  attached. 

6.  With  the  inlet  still  under  vacuum,  the  fluid  FC-78  was  admitted  to  the  inlet  side  and 
pressurized  to  the  value  of  interest  (30,  60,  or  90  psig).  The  maintenance  of  vacuum 
until  the  fluid  was  introduced  ensured  that  trapped  air  did  not  produce  erroneous 
readings. 

7.  The  time  of  pressurization  v/as  measured  with  a stopwatch  and  varied  from 
40  minutes  to  6 hours.  The  times  were  varied  to  provide  several  data  points  for  each 
leak  size  at  each  pressure.  Accuracy  of  the  data  was  assured  if  the  flow  rate  in 
mg/min  did  not  vary  with  total  time. 

8.  Upon  completion  of  the  dwell  time,  the  vial  was  removed  and  the  amount  of  fluid 
the  vial  had  gained  was  determined  by  using  balance  scales  which  would  measure  to 
0.1  milligram.  From  this  data  the  gain  in  milligrams  per  minute  was  determined. 

9.  To  ensure  that  the  leak  rate  had  remained  constant,  the  pressure  was  removed  from 
the  inlet  and  the  fluid  drained  from  the  valve.  Then  the  inlet  was  subjected  to  a 
vacuum  in  order  to  evaporate  all  of  the  FC-78. 
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10.  The  valve  was  then  connected  to  the  mass  spectrometer  and  While  under  a vacuum, 
helium  was  supplied  to  the  inlet  at  approximately  1/4  psig.  If  the  reading  did  not 
repeat,  the  data  point  was  considered  to  be  in  error.  The  valve  setting  was  not 
adjusted  in  any  way  after  the  initial  setting  until  completion  of  verifying  the  L value 
after  the  flow  rate  was  determined. 

The  above  procedure  was  performed  for  each  data  point  at  each  pressure  and  plotted  on  the  curves 
(Figure  1). 

The  testing  was  performed  in  the  following  manner:  Each  device  v/as  weighed  and  this  initial 
weight  recorded.  The  units  were  then  placed  inside  a vacuum/pressure  bomb  and  the  pressure 
reduced  to  1 torr.  This  piessure  was  maintained  for  1 hour.  The  indicator  fluid  (FC-78,  FC  77,  PP-1, 
or  PP-2)  was  then  admitted  to  the  pressure  bomb  without  breaking  the  vacuum  and  the  pressure 
increased  to  the  desired  value  (30,  60  or  90),  which  was  maintained  for  2 hours.  Upon  completion 
of  the  2-hour  period,  the  devices  were  removed  from  the  bomb  and  maintained  in  a bath  of  the 
indicator  fluid.  They  were  then  removed  from  the  bath  and  allowed  to  air  dry  for  3 ± 1 minute 
prior  to  being  reweighed.  The  delta  weight  was  determined  for  each  device  and  recorded  along  with 
the  weight  gained  per  minute  value  for  devices  that  did  not  fill.  The  fluid  flow  rate  for  a 2 X 1Q-^ 
leaker  was  then  taken  from  the  graphs  (Figure  1)  and  the  weight  calculated  that  a device  would  gain 
in  2 hours  with  this  leak  rate.  All  devices  that  gained  at  least  this  amount  were  classified  as  leakers. 
The  devices  that  gained  less  than  the  calculated  amount  were  considered  to  be  acceptable.  It  was 
assumed  that  any  weight  less  than  the  calculated  value  was  a combination  of  scale  repeatability, 
surface  retention  of  fluid,  and  fluid  inside  the  seal  area. 

The  weight  gain  test  was  performed  to  provide  answers  to  the  following  questions: 

1.  What  is  the  best  fluid? 

2.  What  is  the  best  test  pressure? 

3.  What  is  the  sensitivity  of  this  test? 

To  determine  the  best  fluid,  all  devices  were  subjected  to  a test  sequence  using  FC-78,  FC-77,  PP-1, 
and  PP-2.  The  bomb  pressure  in  all  cases  was  60  psig,  with  a bomb  time  of  2 hours.  The  data 
showed  that  FC-78  provided  lower  overkill  and  escape  rates  than  did  any  of  the  other  fluids 
(Table  XXVI).  The  remaining  tests  were  performed  using  FC-78  because  of  better  escape  and 
overkill  rates  shown  in  Table  XXVI. 

The  devices  were  then  subjected  to  a test  sequence  at  pressures  of  30,  60,  and  90  psig.  The  test 
result,  snow  that  the  weight  gain  test  is  effective  for  all  package  types  in  the  10”^  and  larger  range. 
Tables  XXVII  through  XXXIV  list  the  results  for  individual  package  types.  The  preceding  statement 
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Table  XXVI.  Comparison  of  Fluids  at  60  psig  with  a Reject  Limit 
Equal  to  L of  2 X 10_6  which  is  4.8  Mg  Gain 


Fluid 

FC-78 

FC-77 

PP-1 

PP-2 

Overkill  %/Range 
<10-6 

5 

10 

8.4 

5.8 

Escape  %/Range 

1C-6 

69 

70 

62 

70 

10-5 

1.1 

5 

1.1 

1.7 

10-4 

1 

3.5 

1 

1.5 

10-3 

0 

2.7 

2.7 

2.7 

10-2 

0 

0 

4 

8 

Table  XXVII.  Escape  and  Overkill  Rates  at 
Varying  Pressures  and  Limits,  TO-84 


Pressure 

30 

60 

90 

60 

90 

Reject  Limit  Milligrams 

0.78 

4.8 

8.3 

0.7 

0.9 

Overkill  %/Range 

<10-6 

3.5 

0 

1.8 

7.0 

12 

Escape  %/Range 

10-6 

83 

67 

83 

33 

33 

10-5 

0 

2.8 

8.5 

0 

0 

Table  XXVIII.  Escape  and  Overkill  Rates  at 
Varying  Pressures  and  Limits,  C-PAK 


Table  XXIX.  Escape  and  Overkill  Rates  at 
Varying  Pressures  and  Limits,  C-DIP 

Pressure 

30 

60 

90 

60 

90 

Reject  Limit  Milligrams 

0.7S 

4.8 

8.3 

1 

1 

Overkill  %/Range 

<10“e 

11 

2.2 

2.2 

13 

18 

Escape  %/Range 

10-6 

70 

89 

84 

39 

33 

10-5 

- 

- 

- 

— 

— 

10-4 

7 

7 

7 

0 

0 

Table  XXX.  Escape  and  Overkill  Rates  at 
Varying  Pressures  and  Limits,  MOS  DIP 


Pressure 

30 

60 

90 

60 

90 

Reject  Limit  Milligrams 

0.78 

4.8 

8.3 

0.9 

2 

Over  kill  %/Range 

<10-6 

21 

1.5 

1.5 

8.4 

11 

Escape  %/Pange 

10-6 

20 

63 

50 

35 

14 

10-5 

17- 

0 

0 

0 

0 

10~4 

0 

5 

0 

0 

0 

Table  XXXI. 

Escape  and  Overkill  Kates  at 

Varying  Pressures  and  Limits,  TO-lOO 

Pressure 

30 

60 

90 

60 

90 

Reject  Limit  Milligrams 

0.78 

4.8 

8.3 

1 

1 

Overkill  %/Range 

<10-6 

8 

3.6 

0 

12 

7 

Escape  %/Range 

10-6 

50 

76 

76 

37 

50 

10-5 

0 

0 

0 

0 

0 

10-4 

0 

0 

0 

0 

0 

I able  XXX11.  Escape  Rates  at  Varying  Pressures 
and  Limits,  1 X 1 Ceramic 


Pressure 

30 

60 

90 

60 

90 

Reject  Limit  Milligrams 

0.78 

4.8 

8.3 

1 

1 

Overkill  %/Range 

<10-6 

- 

- 

- 

- 

- 

Escape  %/Range 

10-6 

95 

92 

80 

92 

56 

10-5 

0 

0 

0 

0 

0 

10-4 

25 

0 

25 

0 

25 

10-3 

6.6 

0 

13 

0 

13 

10-2 

12 

0 

12 

0 

12 

Table  XXXIII. 

Escape  and  Overkill  Rates  at 

Varying  Pressures  and  Limits,  TO-3 

Pressure 

30 

60 

90 

60 

90 

Reject  Limit  Milligrams 

0.78 

4.8 

8.3 

1 

1 

Overkill  %/Range 

<10-6 

16 

2.2 

4.8 

20 

28 

Escape  %/Range 

10-6 

15 

23 

30 

3.8 

3.8 

10-5 

0 

10 

0 

0 

0 

10-4 

0 

0 

0 

0 

0 

10-3 

0 

0 

0 

0 

0 

10-2 

0 

0 

0 

0 

0 

Table  XXXIV.  Escape  and  Overkill  Rates  at 
Varying  Pressures  and  Limits,  Glass 


Pressure 

Reject  Limit  Milligrams 

Overkil!  %/nacse 
<10-6 

Escape  %/;lange 
10-6 
10-5 

10-4 

10-3 


30  60 

0,78  4.8 

0 0 

100  100 

63  0 

0 0 


90  60  90 

8.3  1 1 

0 20  0 

100  87  100 

0 0 0 

0 0 0 


! 
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is  based  on  the  60  psig  data  using  the  so-called  optimum  limits.  It  should  be  noted  that  no  escapes 
(Table  XXXV)  occurred  in  the  10“°  or  larger  ranges  under  these  conditions.  Overkill  rates  were 
slightly  higher  at  these  conditions  but  it  must  be  remembered  that  these  are  not  normal 
distributions  of  devices  and  therefore  many  of  the  “fine  leakers”  had  values  larger  than  fine-leak 
test  limits.  Under  normal  conditions,  the  overkill  rates  should  be  lower  because  these  devices  would 
have  been  rejected  at  the  fine-leak  test. 


Table  XXXV.  Weight  Gain,  Escape  and  Overkill  Rates 
at  Fill  Rate  and  Optimum  Limits 


Pressure 

30 

60 

90 

60 

90 

Reject  Limit  Milligrams 

0.78 

4.8 

8.3 

1.0 

1.0 

Overkill  %/Range 

cio-6 

13 

5 

2.9 

12 

16 

Escape  %/Range 

10~6 

58 

69 

62 

48 

48 

10-5 

3.8 

1.1 

1.1 

O 

1.1 

10~4 

2 

1 

1 

O 

0.5 

10-3 

2.8 

O 

5.5 

0 

5.5 

10-2 

8 

0 

8 

O 

8 

This  method  is  not  effective  for  the  entire  10~^  range,  as  escape  rates  are  69%  and  62%  at  60 
and  90  psig  respectively.  The  results  can  be  greatly  improved  by  lowering  the  reject  limits  to  the 
optimum  conditions  as  shown  in  Table  XXXV.  If  these  limits  are  used,  the  escape  rates  will  be 
lowered  to  48%  and  38%  at  the  60  and  90  psig  test  pressures.  This  points  out  that  90  psig  is  more 
effective  in  the  10— ^ range,  however  the  90  psig  condition  allows  escapes  in  the  10-^  and  larger 
range  which  are  detected  when  60  psig  is  used.  The  additional  devices  detected  in  the  10— ^ range 
are  believed  to  be  those  with  leak  rates  near  the  fluid  flow  cut-off  point.  These  devices  would 
normally  be  detected  by  fine-leak  conditions  since  the  flow  rate  data  indicates  that  their  leak  rates 
are  2 X 10~^  or  smaller.  Based  on  the  above,  60  psig  appears  to  be  the  optimum  pressure  for  the 
weight  gain  test. 
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The  results  of  the  no-vacuum  cycle  indicated  that  for  the  TO-84  package  with  a volume  of 
0.006  cc,  the  number  of  escapes  increased  by  20.  The  C-PAK  overall  results  were  essentially  the 
same  as  five  additional  units  that  were  detected  and  six  units  that  were  detected  before  escaped. 
The  C-DIP  results  allowed  six  additional  escapes  with  no  additional  detections.  The  MOS  DIP 
resulted  in  six  additional  escapes  and  one  additional  detected.  The  TO- 100,  1 X 1 ceramic,  TO-3, 
and  glass  packages  had  no  significant  difference  in  the  results.  It  can  be  concluded  that  the  vacuum 
cycle  is  necessary  for  packages  with  a volume  smaller  than  0.1 0 cc  (Table  XXXVI). 

*1.0  Milligram 
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Table  XXXVI.  Comparison  of  Results  at  90  psig  With  Vacuum 
and  105  psig  Without  Vacuum 


Device  Type 

No.  of  Rejects 
Detected  at  90  psig 

No.  of  Escapes  at 
105  psig  Which  Were 
Detected  at  90  psig 

No.  of  Rejects  at 
105  psig  Which  Were 
Accepted  at  90  psig 

T0-84 

34 

20 

1 

C-PAK 

64 

6 

5 

C-DIP 

20 

6 

0 

MOS  DIP 

33 

6 

1 

TO- 100 

12 

1 

0 

1 X 1 Ceramic 

37 

2 

2 

TO-3 

49 

0 

3 

Glass  Standard 

36 

2 

0 

It  can  be  concluded  that  the  weight  gain  test  (Condition  E)  is  the  most  effective  of  the  Gross 
Leak.  Methods  when  conducted  at  the  specified  limits.  Figure  1 shows  that  five  times  more  fluid  is 
forced  into  the  device  when  bombed  at  60  psig  than  when  bombed  at  30  psig.  This  indicates  that  if 
30  psig  is  used  as  the  bomb  pressure,  the  bomb  time  must  be  five  times  greater  than  the  60  psig  time 
in  order  to  obtain  the  same  amount  of  fluid  in  the  device.  There  were  some  escapes  at  30  psig  and 
90  psig  that  did  not  occur  at  the  60  psig  level,  therefore,  if  possible,  the  test  should  be  conducted  at 
60  psig.  FC-78  was  the  most  effective  fluid  used.  The  higher  evapoiation  rate  results  in  less  error 
from  surface  retention  than  resulted  from  the  other  fluids. 

The  vacuum  cycle  is  required  for  packages  having  internal  volumes  of  less  than  0. 1 cc  but 
provides  no  improvement  on  packages  witli  larger  internal  volumes. 
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SECTION  XIII 


SUMMARY 


The  investigation  was  not  successful  in  isolating  a single  test  condition  which  would  be 
effective  over  the  entire  fine-  and  gross-leak  rate  ranges  for  all  packages.  Isolation  of  such  a 
condition  for  ail  package  sizes  would  have  provided  the  most  cost-effective  testing  solution  for 
determining  whether  or  not  microcircuit  packages  were  hermetic. 

The  investigation  was  successful  in  determining  that  a maximum  of  two  test  conditions  are 
required  to  cover  the  entire  leak  rate  range.  It  also  pointed  out  that  if  the  1 X 10“ ^ L limit  being 
proposed  for  packages  having  an  internal  volume  of  greater  than  0.4  cc,  is  an  acceptable  limit,  then 
the  weight  gain  test  (proposed  Condition  E)  can  be  used  as  a single  test  for  hermetic  seal  on 
microcircuit  packages  of  that  size. 

It  was  also  determined  tiiat  no  particular  piece  of  equipment  provides  more  valid  results  than 
the  others  used  if  conditions  are  properly  chosen  and  the  equipment  properly  set  up  and  operated 
in  accordance  with  the  manufacturers  instructions. 

Tim  MS-90  UFT  machine  is  more  efficient  than  the  MS- 12  in  terms  of  time  per  unit  tested  but 
the  results  are  not  improved  because  of  this  faster  speed. 

It  is  important  that  nonabsorptive  filler  blocks  be  used  with  large  radioisotope  systems  to 
occupy  the  space  in  the  pressure  vessel  which  is  not  taken  up  by  the  parts  being  tested.  If  this  is  not 
done,  the  longer  pump-down  times  required  will  result  in  more  escapes  in  the  mid-range  than  will 
occur  with  the  small  system  or  Condition  A. 

The  helium  data  (Condition  A)  was  analyzed  to  determine  the  validity  of  the  formula  in 
MIL-STD-883.  It  was  determined  that  for  all  pressurization  conditions,  the  devices  did  fit  the  curve. 
This  confirms  that  the  molecular  flow  assumed  in  the  formula  is  correct  in  the  fine-leak  range  It 
should  be  pointed  out  that  in  actual  practice,  however,  many  of  the  gross  leakers  would  have  been 
accepted  as  good  product  instead  of  being  categorized  as  rejects.  Their  values  could  be  located  on 
the  down  slope  of  the  curve  (see  Figures  3-47)  only  by  reference  to  the  initial  data.  All  other  data 
analyses  were  conducted  under  the  assumption  that  the  leak-rate  value  of  each  device  was  unknown. 
The  fact  that  the  formula  could  be  verified,  however,  made  it  possible  to  establish  the  sensitivity  of 
the  helium  test  under  any  given  set  of  conditions.  The  sensitivity  of  the  helium  test  as  presently 
specified  in  Test  Condition  A does  not  provide  adequate  range.  This  is  shown  by  the  escape  rates 
shown  in  Table  XIII  for  the  lCF^  and  io~5  ranges.  This  can  be  corrected  by  changing  the  limits  to 
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Hose  suggested  in  Table  XV  which  minimize  escape  rates  in  the  mid-ranges.  The  use  of  the 
controlled  orifice  technique  will  also  provide  increased  range  on  volumes  of  less  than  0.01  cm-5,  but 
it  was  toe  time  consuming  for  production-type  operations.  The  controlled  orifice  provided  no 
improvement  in  sensitivity  or  range  on  packages  having  volumes  greater  than  0.01  cm^. 

Evaluation  of  the  radioisotope  data  indicated  that  the  number  of  wash  cycles  (<3)  was  not 
significant;  therefore,  all  additional  testing  was  performed  with  one  wash  cycle.  It  was  also 
determined  that  specific  activity  within  the  range  (277  to  1397  microcuries  per  cm^)  used  did  not 
affect  the  results  as  long  as  bomb  times  and  pressures  satisfied  the  equation  in  Condition  B of 
Method  1014.  Although  curves  were  not  constructed  for  this  condition,  the  data  indicate  that  the 
fme-leak  range  covered  is  essentially  the  same  as  that  of  Condition  A.  In  most  cases,  however,  the 
escape  rute-:  were  higher  in  the  gross-leak  range  (Table  XV).  This  is  believed  to  be  the  result  of  the 
vacuum  cycle  required  to  store  the  kiypton-SS  and  does  not  make  Condition  B less  effective  than 
Condition  A for  fine-leak  testing  of  microcircuits. 

Evaluation  of  package  maicrials  indicated  that  the  major  sorption  area  is  the  stal-package 
interface  or  the  seal  material,  and  in  most  cases,  not  the  ceramic  itself.  Each  matcrial/package 
configuration  must  be  tested  and  appropriate  delay  times  installed  if  necessary'. 

Temperature  preconditioning  of  the  devices  provided  interesting  results  which  negated  the  idea 
of  improving  the  method  by  this  means.  Leak  rates  on  metal  can  devices  increased;  whereas,  leak 
rates  on  ceramic  devices  decreased.  The  degree  of  shift  in  the  leak-rate  range  was  dependent  on  the 
temperature  and  was  inconsistent.  Temperature  preconditioning  proved  to  be  deleterious  to 
securing  valid  results. 

The  evaluation  of  gettering  materials  established  that  fluorocarbons  provided  no  increase  in 
test  sensitivity  for  Test  Condition  A or  B.  The  polyimide  improved  the  escape  rates  in  the  10~^  and 
10~^  ranges  on  both  Conditions  A and  B but  did  not  entirely  eliminate  escapes  (Tables  XVI 
and  XVII).  It  also  caused  an  unacceptably  high  (18%)  overkill  rate  on  Condition  A.  The  vacuum 
pump  oil  does  work  using  Condition  B but  tends  to  be  drawn  out  of  gross  leakers  during 
pump-down,  contaminating  good  devices.  It  is  concluded  that  gettering  is  a possible  means  of 
testing  the  entire  leak-rate  range  with  a single  test;  but  extensive  work  is  still  required  to  determine 
the  proper  matcrial(s)  to  be  used. 

Condition  Cj  bubble  testing  evaluation  data  indicated  that  either  3M  FC-40  cr  Flutec  PP-9 
fluid  could  be  used  to  conduct  the  test.  It  could  be  assumed  from  this  that  fluids  cited  by  each 
manufacturer  as  being  equivalent  could  also  be  used.  These  would  include  3M  FC-43  and  FC-48  and 
the  Flutec  PP-7. 
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The  test  results  indicated  that  overkill  (good  devices  rejected)  and  escape  (nonheimetic  device* 
accepted)  rates  will  occur  even  under  carefully  controlled  conditions.  These  rates  are  package 
dependent,  being  higher  on  ceramic  and  large  seal  area  metal  devices  than  on  small  all  metal/glass 
ones. 

The  results  also  indicate  that  some  gross  leakers  in  the  10-4  and  10“ : 5 range  are  detected  by 
Condition  Cj  but  the  escape  rates  are  so  large  that  the  condition  could  not  be  used  as  a single  test 
for  these  ranges: 

Condition  C->  bubble  test  results  show  it  to  be  a more  reliable  technique  for  detecting  gross 
leaks  than  Condition  Cj.  This  is  true  even  in  the  10  J and  10“_  ranges  which  Cj  is  intended  to 
cover. 

As  with  the  Cj  test,  similar  results  were  obtained  with  3M  and  Flutec  fluids.  The  3M 
FC-7S/FC-40  combination  was  not  significantly  different  from  the  Flutec  PP-l/PP-9  combination. 
Both  yielded  good  repeatability,  arid  relative  to  Cj,  low  escape  rates. 

The  vacuum  cycle  presently  specified  is  necessary  on  packages  having  internal  volumes  of  less 
than  0.10  cc  tc  minimize  escape  rates.  It  could  be  omitted  on  larger  packages  with  no  significant 
difference  in  escape  or  overkill  rates. 

Condition  C->  is  recommended  as  a more  effective  and  repeatable  procedure  than  Cj  over  the 
entire  gross-leak  range. 

The  weight  sain  test  (proposed  Condition  E)  proved  to  be  the  most  effective  of  the  gross-leak 
methods.  Sixty  psig  was  determined  to  be  the  pressure  at  which  the  escape  rate  could  be  reduced  to 
zero  for  all  devices  having  leak  rates  of  10"°  or  larger. 

The  fluids  evaluated  did  not  prove  to  be  equivalent  as  had  occurred  with  the  bubble  tests.  The 
3M  FC-7S  provided  better  results  in  terms  of  overkill  and  escape  rates  than  did  the  FC-77,  PP-1,  or 
PP-Z 


The  vacuum  cycle  is  required  on  the  weight  gain  test  for  devices  having  internal  volumes  of 
<0. 10  cc  but  does  not  improve  results  on  larger  packages. 

The  data  was  also  analyzed  to  determine  the  effectiveness  of  subjecting  the  units  to  a series  of 
fine-leak  and  gross-leak  testing  The  results  of  the  fine-leak  repeatability  and  the  result  of  the 
gross-leak  testing  was  considered  to  be  a combination  test.  The  sequences  were  matched  by  pairing 
the  fine-leak  runs  1,  2,  3,  and  4 with  the  corresponding  gross-leak  runs.  The  results  show  that  with 
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Conditions  A ?r  B followed  by  Condition  E 0ne  problem 

. , v in-5  Ti,e  greatest  escape  rate  occurred  on  the  C-I  Ah.,  a ceramic  y 

than  1 X 1 0 .lie  ^reaiesi  y VlU  form  vojds  jn  the  sealing  glass  and 

with  the  ceramic  packages  is  that  occasm  rejected.  when  these 

« - — r.*:  «*  * - «*  * 

units  are  then  subjected  to  joss  indicated  by  the  test  results  shown  in 

bubble  but  no.  enough  .o  weigh  1. A. -*«-•  Thu . » " ^ ,eate  tta 

Table  XXXVil.  This  anomaly  would  also > result  m oje  deofComlitiollB  than  the 

Condition  B as  more  of  the  tracer  gas  wou  eremo  h tl  , fine-ieak  testing 

natural  diffusion  which  occum  with  *>  - — *" 

foiiowed  by  Condition D , allows  some ^ 

Ztrr^intbelO-Wfotsomepaekagetypesas 

the  present  fine  and  gross  methods  do  not  detect  all  leakers. 

Recommendations  for  application  of  these  results  are  discussed  in  Section  XIV. 
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I SECTION  XIV 

i 

t 

| RECOMMENDATIONS 

l 

j The  following  recommendations  are  made  to  provide  the  highest  levels  of  confidence  that 

nonhermetic  microcircuits  will  be  detected  by  the  test  or  sequence  of  tests  conducted.  That  in  the 
i case  of  sequential  tests  maximum  overlap  of  the  conditions  will  be  provided  and  that  overkill  rates 

be  minimized  to  the  extent  possible  commensurate  with  detection  of  the  nonhermetic  devices. 

! For  helium  testing,  Condition  A,  three  limits  must  be  established  to  cover  the  broad  range  of 

| microcircuit  package  volumes.  The  limits  recommended  are  L (actual  leak  rate)  ,'alues. 


Internal 

Volume 

L Limit 

cc 

atm  cc/s 

<0.01 

5 X 10~ 8 

>0.01  <V<  0.4 

1 X 10~7 

>0.4 

1 X 10~6 

These  limits  are  lower  in  value,  one  decade,  one-half  decade,  and  one-half  decade,  respectively, 

, than  presently  specified  but  are  necessary  to  minimize  escape  rates  in  the  lO-^  and  upper  end  of 

| the  gross  leak  range. 

1 

1 

i Helium  tests  may  be  performed  at  bomb  pressures  from  30  to  60  psig  but  the  limit  value  and 

I time  chosen  must  provide  an  R (indicated  leak  rate)  value  which  can  be  accurately  read  on  the  mass 

■ spectrometer  being  used.  A maximum  t2  (time  from  removal  of  bomb  pressure  to  read)  of  one  hour 

, is  recommended  with  a 30-rninute  maximum  being  preferred. 

For  radioisotope  testing,  Condition  B,  two  limits  must  be  used  to  minimize  escape  rates  in  the 
1 0“6  and  upper  gross  leak  ranges.  The  limits  recommended  are  Q values. 


Internal 

Volume 

Q Limit 

cc 

atm  cc/s 

<0.01 

1 X 10“8 

>0.01 

5X  10-8 

BBECaDItp  PAGE  BIANK-NOT  FILMED 


Radioisotope  tests  nay  be  conducted  at  any  pressure  of  at  least  30  psig. 

It  is  recomended  that  a nicinun  bonb  tice  of  0.2  hour  be  used.  Conditions 
chosen  oust  satisfy  the  equation  Qs=R/SKTP  stated  in  KJL-SH>-883  with  the  above 
tine  and  pressure  limitations.  Microcircuits  must  be  read  within  1 hour  after 
removal  of  bomb  pressure  with  a 30-ninute  naxiram  being  preferred. 


„ **  i®  recosaended  that  the  present  Method  1014  Condition  Ci  followed  by 

Condition  C2  be  deleted  and  that  C2  only  be  used  as  the  bubble  test  condition. 
Based  ontne  fluid  fill  rate  data,  a bomb  condition  of  2 hours  at  60  psig  is 
recommended.  Also  for  packages  having  an  internal  volume  greater  than  0?lcc 
a oao  condition  of  10  hours  at  30  psig  nay  be  permitted.  These  conditions 
insure  that  f-uid  in  a sufficient  quantity,  to  cause  observable  bubbling,  will 
be  forced  into  tne  package.  6 


The  failure  criteria  should  be  changed  to  read:  Devices  are  considered  rejects  if  during  tne 
30-second  test  period,  a definite  stream  of  bubbles  or  two  or  more  laige  bubbles  originating  from 
the  same  point  are  observed. 


The  weight  gain  test  is  recommended  for  inclusion  in  MIL-STD-8S3.  Sixty  psig  for  a period  of 
2 hours  is  recommended  for  bombing.  If  the  package  will  not  withstand  60  psig  the  pressure  may  be 
lowered  to  30  psig  and  the  bomb  time  increased  to  10  hours.  The  pressurization  should  be  preceded 
by  a 1-hour  vacuum  cycle  on  devices  having  internal  volumes  of  less  than  0.1  cc. 

The  limits  to  be  specified  are  1.0  milligram  for  packages  of  <0.01  cc  and  2 milligrams  for 
packages  larger  than  0.01  cc.  Batch  categorization  may  be  used  if  the  devices  are  separated  into  cells 
of  0.5  or  1 milligram  depending  on  volume.  They  may  then  be  accepted  if  they  shift  no  more  than 
one  cell  in  value  after  bombing.  Weight  loss  should  not  be  considered  as  cause  for  rejection. 

It  is  recommended  that  the  following  tests  be  performed  for  detection  of  nonhermetie  devices. 


Volume 

cc 

Test  Condition  followed  by  Test  Conditi 

<0.4 

A orB 

C,  D or  E 

>0.4 

A or  B 

C or  D 

*>0.4 

E 

None 

*If  reliability  requirements  can  be  satisfied  by  a leak  rate  of 
^ 1 X 10-^  atm  cc/s. 


It  is  recommended  that  the  changes  made  to  Method  1014  of  MIL-STD-883  as  a result  of  this 
study  be  incorporated  into  Method  1071  of  MIL-STD-750.  This  will  provide  consistent  test 
procedures  for  microelectronic  and  discrete  devices  used  in  military  systems. 


122 


APPENDIX 
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26.  C-PAK  Rodino  Q Values  Vnrlnble  Conditions  (Sheet  1 of  2) 


OAOOOOoOnOOOOOOOOOOOOOOOAvOoOOOOCOOOOOOftO^OOOOOOO 


OOOOOO^O^OOOOOOUOOOOUOOV^OOOVOUOOOOmOOOMO^COOOOCO^ 


<AO«0O0-CnoO<iO9«Oo00OOKl#k/‘<-«0r«o0OO00M,0»<^OA«OM^O«*MO0«O 
•*  ««ONn4*V4io^1  «m  4»mm  mm 

M — « Ml  a««(  «aM  ««••««  M M — <*Tk 


x 


•«  oo 000000000000000000900000000-* 0000  0«e0  0«*r> OO^OOOOOOO 


r X •0MOOOOOOK»<^M#«inO«XOOMXin<OO^COcOOOr*0/'M04NOO«%Or<>nOOMO 

ac  ■ -o  — o or  —»  o m m «ai -c  • MC*^m  *■' o « •«  w»  — - «B 


> c 
xo 
1/0  ■ 


«*  OOOr>OOOOOOCCOrtCOOOCOO«kMOMOOOOOCCOOiHMaoOM<rOOOOO«000 
'CO-'MOOOOOOOir>OMOOoO«MG  'JnnQrtUOOOiAOOO^/ilVAOM^N^ClOn^^^oa. 

X ■ ■«  M O ^ M _«M  *J  M ■«•  M — « «<M  M — ^ O M M ■«“  •*  c* 

0TS.  /»—  — M r»  — — m — — M _■  — 


Cl  o a 

<uo 


e<  •>*  ooooocooooo  — ooc.ooooooooo-^Ooooooooooooooooo»“0*cooooo 

ac  -c  a-  m ■< 

<-<  oj  ^or'oooonooo-roooooo-«ao*'Owocoouooo^oo<OMrfio'r*«o*vooooo 

A.CO  2 ■ « — <r»  «e  r»  o mm  ««  #*■*«  — - — *v  — o m « 

0<  — -M  —•-*  — -«M--—  —•  M - M .— 


<«-l  X 


u — *- 


s 


OA«^OOOOr*OcOOOOOOOOO^r-OOOOOONOOOOO»«00900A^9NOONnOm 


•*oooo>«oooo900ocftfn^9o>«<;ooo#o^/KOr>4roNNoo«oooo 

(TflirfQ  CIOCB  ♦ ~CK**Mftf<  MOM  O » — <«•  M ■»  o 

«-■  M — * — • M — — M M 


ooor>ooooooooooooooooooo>ooooooooooooo<#*^o^'^*ooMoo«\»«on 


»-  • 

zo  a%^«'i«'imai«i«t««««««4«««r^r.r>r>N^r>M*NoeeceeeCss9eve&99C(/eo 
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28.  MOS  DIP  Radiflo  Q Values  Variable  Conditions  (Sheet  1 of  2) 
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28.  MOS  DIP  Rndiflo  Q Values  Variable  Conditions  (Sheet  2 of  2) 


29.  TO-lOO  Radiflo  Q Values  Variable  Conditions  (Sheet  1 of  2) 


6: 


2 

O 


z>  o 


^ <s>  oooooooocooof^oooooooooooooooooooooooooooooooooocoo 
OOOtSOOOCOOOOccO<DOOO  — OOOOW'OOOOOOOOOOflOOOOOOrtOOOOoOOOO 
o O nt>j  oOffccc^NQ-c^ 


OOOOOOOOOOCTOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOO^OOOOOO 

O^O^rf'iT.oOOOOOU'OOOOOCOOOO'^OOOOOOOOOOtf'OOoOOOOC.COOOC-OO 
fnr^rtr»<-o»'W«-o  — o .j  wr'jr^<oPsic'or*'f^'T^  -o  co  r-  nn--«-<o3cooonoOo^ocnO 
•*  « -•  — ««« • © o MM  nrJ-l  ^ mmCcmjm  (Mrtfn  nm^^o-KX'^cCOnNO 


OOOOOOOOOOOOCCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOO 

•CSCCrT'^lO'COOo^OiOOlMOCOOOCM^GTOOOOOOOOOOOOOf'OOOOOCOOO 
p-tf\N^^i/\pncco  on  cr  «n  r*.  «r*  i*»  i**  r-  r«i  cc  r»  «*»  m f-  ^ «m  *n  v\  mmt  ^ -o  -•  «•  <c  O'  r-  t*\  o-  r\ 

-•  O O c-  — .*  r\  _ **  -«  «\i  —t  r*i  ^ s»  n ^ ia  i 


CO  I 
-J  — 1 
U.  V-  L- 
— — < 
D C 
< 3T  CC 

cc  O I 
oc 

I H 
UJ  X 
©_J 


note 

< 

tu  > _J 

o -* 
<c< 


n< 
O -* 

a i 


O X 

CC  I 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOO 

0r0f*-0©0f-cf0©©0©*"00-0o©000r»-«r*00©0©00©©0©0©0©r*©0*->©000©0 

or-r->t«or>*o,rte'0  Non  ho«'N*oif'cen-jO'»-c<io^M  m4<rn^cou'Oo'>No(rio 

M MU  O M n IM  OCD>J  O'OvJ'T' 


OOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

**>o<riri***ooof'oooocr"  Or*-:  *noooo*^©o©ooooooooo©o©or-©o©oooo©o 
(ci/'ii'NU'K'OOf*  O f'J  o f'J  «o  » co  » — r- r- © m f- — m o -x  o*  o va  co 

— O O <NI  — »«r\j  m^nmmmmmm  00*0-*'Cr-0-^r* 


a o 
-tf 
oC 


o©©oo©©o©o©»r'e©ooo©ooooooocooo©c©coo©©oo©©©o©oooo©o 
-«c©ooc*'-ioec©^©^ooooc©oo©o©©©oc©o©oco©oo 

Non  NON-O'OOOCOMJ'ttM!' 

© n-r  N ^ 4 mmmmmm  m^mmO  O — (n  f*»  o "C  r-  «r -o 


— < 

© :r 

a i 


OOCCOOOOOOv^tf'C  OC«NOr  ©©©0©00©0000©©©©0©00©©0©0©0c0©c0 

»^oj*r{r»-w*<frt»»%^ffcCP‘a:c«'Occr,*<r»#'f''cPO  — OOOOOO^-nTO 
s-jhO,«'iT(t;of'-  c •fN0CN0nN'rmtf'«}0'f*r<TO>}'r4Mn4<rMO0O0cO9co 

M N Oi  MXMf'MnnMMMl'llMMNMMOMMMMM^nMOOOOCOMnO 

n n n n ^ i'  n n 

r\»no»p»ri»r»rif«inoC'0^<jNO^^vc«or-f-r-r-r-r“r-r-r>-f-cocccc<aa:coe!?®coooc-o-okC“0'C-0'0,‘CC'© 


29.  TO-lOO  Radiflo  Q Values  Variable  Conditions  (Sheet  2 of  2) 
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38.  Ceramic  Radifio  Repea tabilitj'  Q Values  (Sheet  1 of  2) 


38.  Ceramic  Radiflo  Repeatability  Q Values  (Sheet  2 of  2) 
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39.  TO-3  Radiflo  Repeatability  Q Values  (Sheet  l of  2) 


39.  TO-3  Radiflo  Repeatability  Q Values  (Sheet  2 of  2) 
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47.  Surface  Absorbtion  Helium 
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52.  C-DIP  Weight  Gain  Data  (Sheet  1 of  2) 
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MISSION 

of 

Rome  Ait  Development  Center 


R ADC  is  the  principal  AFSC,  organization  charged  with 
planning  and  executing,  the  USAF  exploratory  and  advanced, 
development  programs-  for  information  sciences,  intelli- 
gence, command,  control  and  communications  technology, 
products  and  services  oriented  to  the  needs  of  the  USAF,., 
Primary  RADC  mission  areas  are .communications , electro -r 
magnetic  guidance  and  control,  surveillance  of  ground 
and.  aerospace  objects,  intelligence  data  collection  and 
handling,  inf ormation  system  technology , and  electronic 
reliability,  maintainability  ana  compatibility . RADC 
has  mission  responsibility  as  assigned  by  AFSC,  for  de- 
monstration and  acquisition  of  selected  subsystems  and 
systems  in  the  intelligence,  mapping,  charting >-  command  -, 
control  and  communications  areas. 


